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IMHIBITIOH OP LYMPHOCYTE ADHERENCE TO VASCULAR 
ENDOTHELIUM UTILIZING A NOVEL EXTRACELLULAR 
MATRIX RECEPTOR-LICANO INTERACTION 

1. INTRODUCTION 
Tha prasent invantion relates to a method for 
inhibiting tha adhesion of ona call to anothar. It is basad 
on tha discovary that tha «4*1 axtracallular matrix 
5 raeaptor proaotas adhasion of lyaphocytas to andothalial 
calls via attachment to a daflnad paptida saquanca. In 
particular embodiment* of tha invantion, monoclonal 
antibodias or paptidas may ba usad to inhibit binding of 
lyaphocytas to andothalial calls, tharaby pravanting 
lymphocyte antranca into tissua and supprassing -tha iamuna 
rasponsa . 
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2. BACKGROUND OP THE INVENTION 
2.1. EXTRACELH" *a MXTRIX RECEPTORS 

Spacifie call surfaca racaptors (R) for 
axtracallular matrix (ECM) components such as collagen, 
fibronactin and laminin hava bain dascribad (reviewed by 
Hynas, 1987, Call, 48: 349-534 t Haalar, 1988, Immunol. 
Today, 9:109). Tha functions of tha axtracallular matrix 
racaptors (ECMRs I, II and VI) hava baan dafinad by 
affinity chromatography (Waynar and Cartar, 1987, J. Call 
Biol., 105: 1873-1884 i Staatx at al., 1989, J. Call Biol., 
198:1917-1924) and by preparing monoclonal antibodias that 
■pacifically inhibitad tha intaraction of calls with 
25 purifiad Uganda (Waynar and Cartar, 1987, J. Call Biol. 
105:1873-1884) or ECM (Waynar at al., 1988, J. Call Biol. 

107:1881-1891). 

A variaty of ECMRs hava baan idantifiad using 
these techniques. Using aono< lonal antibodias, Waynar and 
30 Cartar (1987, J. Call Biol. 103:1873-1884) idantifiad two 
classes of call surfaca racaptors for nativa collagen in 
human fibrosarcoma calls: class I was involved in call 
adhasion to collagan, fibronactin and laainin, wharaas 
class II was involved in cell adhasion only to nativa 
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collagen. Wayner et »1. (1988, J. Call Biol. 107:1881- 
1891) idantifiad aonoclonal antlbodlaa that inhibit human 
call adhaaion to collagen (P1H5), fibronactin (P1F8 or 
P106) and both col lagan and fibronactin (P1B5) ; P1P8 and 
P1D6 vara found to react with a 140 W) aurface receptor 
known as ECMR VI. Kunicki at al. (1988, J. Biol. Chen. 
263:4516-4519) reported that P1H5 (supra) also apacifically 
inhibited adhaaion of unactivatad human plateleta to 
collagen typea I and XIX, but not to fibronactin. A 
complex comprising at laast three glycoprotaina was 
iaolatad from chicken embryo fibroblasts, using aonoclonal 
antlbodlaa which Llock call adhaaion to fibronactin 
(Knudeen at al., 1985, Bxp. Call Raa. 157: 218-2261 Chen at 
al., 1985, J. Call Biol. 100:1103-1114) whereas a complex 
of two glycoprotaina was iaolatad froa mammalian calls 
using vitronectin affinity chroaatography (Pytala at al., 
1985, Proc. Rati. Acad. Sci. U.S.A. 82: 5766-5770 » Pytala at 
al., 1986, Scianca 231:1559-1562). Major platelet aurfaca 
glycoprotaina XXb and XXXa have been found to axist aa a 
noncovalent 1:1 coaplax in the platelet aeabrane (Jennings 
and Phillips, 1982, J. Biol. Chaa. 257:10458-10463) and to 
aerve aa an ECMR for fibrinogen (Bennett et al., 1983, 
Proc. Rati. Acad. Sci. U.S.A. 80:2417-24211 Margusrie at 
al., 1984, Eur. J. Biochaa. 139:5-11), fibronactin (Gardner 
and Rynas, 1985, Call 42: 439-448 t Plow at al., 1985, Blood 
66:724-727), von Rillabrand factor (Ruggari at al., 1982, 
Proc. Rati. Acad. Sci. U.S.A. 79:6038-6041) and vitronectin 
(Pytala at al., 1986, Science 231:1559-1562). 

Structural nosology is shared by the multitude 
of extracellular matrix receptors. The ECMRs are member* 
of the integrin faaily of cell adhesion molecules and 
posseas unique a aubunita coaplexed to the integrin fil 
subunit (Rynes, 1987, Cell 48:549-5541 Rayner and Carter, 
1987, J. Cell Biol. 105:1873-18841 Rayner et al., 1988, J. 
Cell Biol., 107:1881-1691). Additional aeabers of the 
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intagrin racaptor family include laukocyta adhaaion 
protaina and tha VIA antigana. Tha laukocyta adhaaion 
protaina includa LFA-1, Kac-1, and P150/95, and ara dinar ic 
glycoprotaina coapoaad of diffarant a ehaina and a common, 
95-kDa fi chain, (Kiahioaoto at al., 1987, Call 48:681-690). 
VIA antigana ara namad for thair vary lata appaaranca on 
culturad T lymphocytaa (Hamlar at al., 1983, J. Immunol. 
131:334-340; Hamlar at al., 1984, J. Immunol. 132:3011- 
3018;. Hamlar at al., 1985, .Eur. J. Immunol. 15:502-508) . 
Antiaara to tha VXA-0 aubunit vara found to block call 
adhaaion to fibronactin or laminln fTakada at al., 1987, 

Natura 326 : 607-610) . 

Intarralationahipa batvaan thaaa ECMRa hava baan 
idantifiad. ECMR VI ia idantical to tha prototypa 
fibronactin racaptor (Pytala at al., 1985, Call, 40:191- 
198) , a5fil, platalat glycoprotain (gp) Ic/IIa and VIA 5, 
ECMR II is idantical to «2*1» platalat glycoprotain la/IIa 
and VIA 2 (Hamlar at al., 1987, J. Biol. Cham., 262:11478- 
11485) , and ECMR I ia idantical to aZfil and VIA 3 (Kunicki 
at al., 1988, J. Biol. Cham., 263:4516-4519; Takada at al., 
1988, J. Callular Biocham., 37:385-393; Wayner at al., 
1988, J. Call Biol. 107:1881-1891). Monoclonal antibod: ia 
to a2fil, rifil and «5^1 (PIHS, P1D6 and P1BS) inhibit 
fibroblaat or platalat adhaaion to col lagan, fibronactin 
and laminin-coatad aurfacaa (Kunicki at al., 1988, J. call 
Biol. 107 : 1881-1891 ; Waynar at al., 1988, aupra). Tabla I 
lists soma of tha mambars of tha intagrin family daacribad 

r 

supra , and Tabla IZ liats a numbar of monoclonal antibodiaa 
that racognisa various ECMRa. 
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Antl-ECMt Antibodlea 



Atnlbody Racaptar Ligand 



Kafaranca 



10 



P1HS 



'2*1 



Collagen 
Laninin 



(Vaynar at al.. 1987, J. 
Call Biol. 123:1873*1884; 
Vaynar at al.. 1988, J. 
Call Biol. 107: 1881-1891) 



18 P1B$ 



3*1 



Collogen 
Flbronaetin 



(Vaynar at al., 1987 J. Call 
Biol. 103:1873-1884 
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20 



P1D6 
Call 



3*1 



Flbronaetin 
(CS-1) 

Flbronaetin 
(Arg-Cly-Aap-Ser) 



(Vaynar at al.. 1988, J. 
Biol. 103:1873-1884 
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P4119 



* 2 (CdlS) 



FN, COL, LAM 
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The 01 integrina ara differentially expreaaed in 
cultured calls and tiasua, and deaonatrate claar 
dlffarancaa in activation dapandant expression. For 
axanpla, axpraaaion of *3$1 in heaatopoietic calls is 
rastrictad to aubpopulations of thyaocytes and paripharal 

a* ... 

blood lyaphocytes, aonocytes, acuta lymphocytic or 
ayeloganous leukealas, activated T calls, aigrating 
haaopoiatic precursor cells, and soae cultured T, B or 
erythroleukeaia cell lines (Bernardi at al., 1987, J. Cell 
Biol., 105:489-498; Cardarelll at al., 1988, J. Cell Biol., 
106:2183-2190; Carcia-Pardo at al., 1989 Carcia-Pardo at 
al., 1989, Exp. Cell Res., 181:420-431; Ciancotti et al., 
1986, J. Cell. Biol., 103:429-437; Liao et al., 1987, Exp. 
Cell Res., 171:306-320; Wayner et al., 1988, J. Cell Biol. 

107:1881-1891. 
15 

2.2. FIBROHECTIH 

Fibronectin is a protein found in the 
extracellular aatrix as well as in plasaa and on the 
surface of certain types of cells (Axiyaaa and Yaaada, 
20 1987, Adv. Ensyaol. 59:1-57). In plasaa, fibronectin 
exists as a glycoprotein heterodiaer consisting of two 
similar subunits (called A and B chains) , each having a 
molecular weight of approximately 220 kOa (Akiyaaa and 
Yaaada, 1987, Adv. Ensyaol. 59:1-57; Eridcson et al., 1981 
28 J. Cell Biol. 91:673-678). Multiple specialised 

intramolecular domains (Ruoslahti et al., 1981, J. Biol. 
Chem. 256:7277-7281) of the fibronectin molecule aay be 
cleaved into fragments which, in turn, are capable of 
interacting with collagen, fibrin, haparin, and cell 
30 surfaces in a manner analogous to that of the intact 
molecule (Hynes and Yaaada, 1982, J. Cell Biol. 95:369- 
377). 
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Cellular and plasma flbronactln heterodimera 
comprise similar but not Identical polypaptidaa . The 
variability In the etructure of flbronactln subunits 
derivea from variation* in flbronactln mRNA primary 
sequence due to alternative spl icing in at least 2 regions 
of the pre-fibronectin mRNA (the ED and II ICS regions) . 

Fibronectin is capable of promoting adhesion of 
a variety of cell types, such as fibroblasts (Crinell et 
al., 1977, Exp. Cell Res. 110:175-210), macrophages 
(Bevilacque et al., 1981, J. Exp. Med. 153:42-60), 
polymorphonuclear leukocytes (Marino et al., 1985, J. Lab. 
Clin. Med. 105:725-730), platelets (Xoteliansky et al., 
1981, Fed. Euro. Biochem. Soc. 123:59-62) and keratinocytes 
(Clark et al., 1985, J. Invest. Dermatol. 84:378-383), to 
name but a few (Liae et al., 1989, Exp. Cell Res. 181:348- 
361) . interaction between fibronectin and a cell surface 
protein having a molecular weight of approximately 140 kDa 
has been observed in fibroblasts (Brown and Julian©, 1985, 
Science 228: 1448-1451 t Akiyama et al., 1986, J. Cell Biol. 
102:442-4481 Brown and Juliano, 1986, J. Cell Biol. 
103 : 1595-1603 1 Wylia et al., 1979, J. Cell Biol. 80:385- 
402), endothelial cells (Plow et al., 1986, Proc. Natl. 
Acad. Sci. U.S.A. 83 : 6002-6006), lymphoid cells (Brown and 
juliano, 1986, J. Ceil Biol. 103 : 1595-1603 t platelets 
(Pytela et al., 1986, Science 228 : 1559-1562 t Gardner and 
Rynes, 1985, Cell 42:439-448), muscle cells (Horowitz et 
al., 1985, J. Cell Biol. 101 1 2134— 2144 f Danbaky et al., 
1985, J. Cell Biol. 100:1528-15391 Chapman, 1984, J. Cell 
Biochem. 259:109-121), and osteosarcoma cells (Pytela et 
al., 1985, Cell 40:191-198). 

The binding of fibronectin to cell surfaces may 
be competitively inhibited by fragments of fibronectin 
(Akiyama et al., 1985, J. Biol. Chem. 260:13256-13260). 
Using synthetic peptides, a sequence of what was thought to 
be the only minimal cell-recognition site was identif i*d as 
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the tetrapeptlde Arg-Cly-Aap-Ser (RGD8) (Piersehbecher and 
Ruoslahti, 1984, Nature 309: 30-33 i Piersehbecher at el., 
1982, Proc. Natl. Acad. Sci. U.S.A. 80:1224-1227; 
Piersehbecher at al., 1984, Proc. Hatl. Acad. Sci. O.S.A. 
81:5985-5988; Akiyama at al., 1985, J. Call Biol. 102:442- 

a? ^^^w 

448). Tha R60S aaquanca praaant in tha # csll binding* 
domain of fibronactin is tha ligand for tha prototypa of 
fibronactlon raeaptor dascribad by Pytala at al. (1985, 

Call 40:191-198). 

Various obaarvationa suggssted that ragions 
othar than RGDS may function in fibronactin binding 
(Humphries et al., 1986, J. Call Biol. 103:2637-2647). 
example, tha binding affinity of synthatic paptidas was 
found to ba substantially lower than tha binding affinity 
associated with largar fragments or intact fibronactin 
(AXiyaaa at al., 1985, J. Biol. Cham. 260:10402-104051 
Akiyamaet al., 1985, J. Biol. Chaa. 260:1325 13260). 
McCarthy at al. (1986, J. Call Biol. 102*179-*88) raportad 
binding affinity bstwaan a 33kDa fragmant of plasma 
fibronactin and B16-F10 melanoma tumor calls. Barnardi at 
al. (1987, J. Call Biol. 105:489-498) raportad that 
lymphoid precursor calls adharad to two dif farant sitas on 
fibronactin* tha BeF3 call lina intaractad with tha RGD 
binding domain, whsraas tha P031 call lina appaarad to 
interact with a different domain located in tha carboxy 
terminal segment and associated with a high affinity 

binding sits for heparin. 

Humphries st al. (1986, J. Cell Biol. 103:2637- 
2647) compared tha ability of fibronactin fragments to form 
adhesive interactions with melanoma versus fibroblastic 
cells. Fibroblastic BRK cslls were observed to sprsad 
rapidly on a 75kba fragment representing the RGDS 
containing cell-binding domain, whereas B16-F10 melanoma 
cells did not appesr to spread on the 75kOa fragment, but, 
inatead were observed to sprsad on a 113kDa fragment 
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derived from the portion of fibronectin containing tho typo 
1X2 connecting segment (CS) difforoneo region, or v-region 
(in which alternative splicing of aRNA may occur). In this 
ZXZCS region, located near the fibronectin carboxyl 
terminus, the sequence Arg-Clu«*sprVal (REDV) appeared to 
have functional significance. Humphries et al. (1987, J. 
Biol. Chem. 262:6886-6892) studied a series of overlapping 
synthetic peptides spanning the XXICS region. Two 
nonadjacent peptides, CS1 and CSS, were found to be 
competitively inhibitory for adhesion of fibronectin to 
melanoma, but not to fibroblastic, cells, with CS1 shoving 
greater inhibitory activity than CSS. Liao et al. (1989, 
Exp. Cell Res. 181*348-361), reported that KOPC 315, IgA- 
seereting lymphoid cells, in addition to binding to the 
cell binding domain via an RCO interaction, bound 
preferentially to the carboxy-terminal heparin binding 
domain by an RGD-independent mechanism. However, the 
adhesion sequence (s) present in the carboxy terminal 
regions of fibronectin and the cell surface receptor (s) 
responsible for adhesion of cells to these adhesion 
sequences have not been identified. 

2.3. BIOLOGICAL TOWCTIOWS OF CELL APHESIOH MOLECULES 

Adhesive interactions between cello have been 
found to occur during many important biological events, 
inlcuding tissue differentiation, growth and development, 
and also appear to play a critical role in the pathogenesis 
of various diseases (Humphries et al., 1986, J. Cell Biol. 
103: 2637-2647 > Grinnell, 1984, J. Cell Biochem. 26:107-116; 

Hynes, 1986, Sci. Am. 254:42-51). 

For example, adhesive interactions are known to 
be extremely important in the immune system; in which the 
localisation of immune mediator cells is likely to be due, 
at least in part, to adhesive interactions between cells. 
Recirculation of lymphoid cells is non-random (Male et al . , 
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in 'Advanced Immunology*, J. B. Lippineatt Co. , 
Philadelphia, p. 14.4 - 14.5) t lymphocytes demonstrate a 
preference for tha type of aacondary lymphoid organ that 
thay will antar. In traff icing through a aacondary 
lymphoid organ, lymphocytes must first bind to tha vascular 
endothelium in tha appropriate post-capillary venules, than 
open up tha tight junctions between endothelial calls, and 
finally migrate into tha underlying tissue. Migration of 
recirculating lymphocytes from blood into specific lymphoid 
tissues, called homing, has been associated with 
complementary adhesion molecules on the surface of the 
lymphocytes and on the endothelial cells of the high 

endothelial venules. 

Likewise, the adherence of polymorphonuclear 
leukocytes to vascular endothelium is believed to be a key 
event in the development of an acute inflammatory response, 
and appears to be required for an effective chemotactic 
response as well as certain types of neutrophil-mediated 
vascular injury (Zimmerman and Mclntyre, 1988, J. Clin. 
Invest. 81: 331-337 t Harlan at al., 1987, in 'Leukocyte 
Emigration and its Sequelae*, Movat, ed. S. Karger AC, 
Basel, pp. 94-104; Zimmerman et al., ibid., pp. 105-118). 
When stimulated by specific agonist substances, the 
polymorphonuclear leukocytes (Tonnensen et al., 1984, J. 
Clin. Invest. 74:1581-1392), endothelial cells (Zimmerman 
28 et al., 1983, J. Clin. Invest. 76:2235-22461 Bevilacque et 
al., J. Clin. Invest. 76:2003-2011), or both (Gambia at 
al., 1985, Proc. Matl. Acad. Sci. U.S.A. 82*8667-8671) 
become adheaive* as a result, polymorphonuclear leukocytes 
accumulate on the endothelial cell sura fee. 

Zn addition, studios with specific anti- 
glycoprotoin antibodies in pationts with lmune dof icits 
indicated that one or mora components of tha CD18 complex 
aro required for af fective neutrophil chemotaxis and other 
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adhesion-related functions (Z in* nan and Maclntyre, 1988, 
J. Clin. In vast. 81:531-537). The C018 complex is 
identical to tha fi 2 intagrin subfamily (supra). 

During saturation and differentiation, 
lynphocyt* sub-populations localise in diffarant anatomical 
sites; for example, immature T calls localisa in tha 
thymus. Similarly, ZgA-producing B calls ara obsarvad to 
localisa in tha intastinal mucosa (Parrott, 1876, Clin. 
Gastroenterol . 5:211-228). In contrast* igG-producing B 
calls localisa primarily in lymph nodaa, from which XgC is 
sacratad into tha systsmic circulation (Parrott and 
dasousa, 1966, Natura 212:1316-1317). T calls appaar to ba 
mora abundant in skin apidarmis than in mucosal linings 
(Cahill at ml., 1977, J. Exp. Mad. 145:420-428). 

Tha physiologic importance of lsukocyta adhaaion 
protains (supra) is undarscorad by tha existence of a human 
ganatic disease, leukocyte adhasion daficiancy (IAD; 
Andarson at al., 1985, J. Intact. Dis. 152:668; Arnaout at 
al., 1985, rad. Proc. 44: 2664). various studios have 
indicatad that tha molacular dafact aosoclatad with IAD 
20 raaults in aithar lack of synthesis of tha common fi chain 
or normal rata of synthesis followed by rapid degradation 
(Liowska-Grospierre at al., 1986, Eur. J. Immunol. 16:205; 
Diamanche et al., 1987, Eur. J. Immunol. 17:417). In the 
severe form of IAD, neither LFA-1, Mac-1, nor pi 5 0/9 5 are 
28 expressed on the leukocyte membrane; low levels of 
leukocyte membrane expression have been observed in 
patients suffering from the moderate form of the disease. 
This leads to a defective mobilisation of polymorphonuclear 
leukocytes and monocytes from the vasculature to the iasues 
30 during the inflammatory response, with consequent recurrent 
bacterial infections (Anderson et al., J. Infect. Ois. 
152:668; Arnaout et al., 1983, Fed. Proc. 44:2664). 
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ECMRs have also bttn observed to bo associated 
with functions outsido of ths immune system. Loss of the 
IZb/ZZZa platelet surfaco glycoprotein complex appears to 
rosult in defective platelet function in a genetic disease 
known as Glanzmann's thrombasthenia , (Hynee, 1987, Cell 
48:549-554). Humphries et al. (1988, J. Cell Biol. 
106:1289-1297) observed that neurons of the peripheral 
nervous system were able to extend neurites onto substrates 
bearing both the central cell-binding domain and the ZZZCS 
region of fibronectin. Furthermore, we have recently shown 
that neurite formation on laminin or fibronectin can be 
inhibited by antibodies to ECMRs. 
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3. SUMMARY OF THE INVENTION 

The present invention relates to a method for 
inhibiting the adhesion of one cell to another comprising 
interfering with the interaction between the extracellular 
matrix receptor and its ligand. 

The invention is based upon the discovery that 
the a* pi extracellular matrix receptor promotes adhesion of 
lymphocytes to endothelial cells via attachment to a defined 
peptide sequence. Prior to the present invention, the ligand 
of the a401 receptor had not been identified, nor had the 
function of the aAfll receptor in lymphocyte attachment been 
known. By preventing the interaction between the aAfil 
receptor and its Uganda using antibodies or defined peptide 
sequences, the present invention enables, for the first time, 
specific intervention in the migration of lymphocytes through 
the vascular endothelium and into tissues. The present 
invention, therefore, has particular clinical utility in 
suppression of the immune response) in various specific 
embodiments of the invention, the adherence of lymphocytes tc 
endothelium may be Inhibited systemically, or may, 
alternatively, be localised to particular tissues or 
circumscribed areas. Accordingly, the present invention 
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of tha 

infl 



for traataant of diiuMi involving autoimauna 
as wall aa othar chronic or ralapsing activations 
ImiM systaa, including allargy, asthma, and chronic 
tory skin conditions. 

3.1. ABBREVIATIONS 

Paptida MqutneM dafinsd hsroin ara raprasantad by 
ths ona-lattar symbols for amino acid rosiduas as follows: 

A («lanins), R (arginina), M (asparagina) , D 
(aspartic aeid) , C (cystaina) , Q (glutamina) , E (glutamic 
acid), c (glycina), H (histidina), X (iaolaucina) , L 
(laucina), K (lyslna), N (mathionina) , F (phanylalanina) , P 
(prolina), 8 (sarins), T (thraonins), W (tryptophan), Y 
(tyrosino), V (valina). 

4. DESCRIPTION OF THE FICORES 

Figura 1. Adhasion of T lyaphocytaa (Molt 4) , 
K562-1, RD or HT1080 calls to plasma fibronactin, inhibition 
with P1D6 monoclonal antibody and call surfaca axprassion of 

oSJl. 

51 Cr-labalad calls (10 5 calls/ml) wara incubatad 
with PlDa monoclonal antibody (30 **/ml) for 60 minutaa at 4* 
C and allowad to attach to fibronactin-coatad (20 *g/ml) 
plastic surfacas in ths prsssncs of P106 (solid bars) or 
■ousa IgG (opan bars) for 30 sin (HT1080 or RD) or 4 hr (Molt 
4 or K562) at 37 • C. Adhasion to plasma fibronactin (pFN) is 
axprassad as 51 Cr cpm bound to tha plastic surfacas. Call 
surfaca axprassion of o5*l was datarminad by flow cytometry by 
staining of cslls in suspsnsion with P106 monoclonal 
antibody. Log PIDa fluorascanea (stripad bars) is axprassad 
as saan channal numbar (0-255) abovs background. 

Figura 2. lamina pracipitation of lymphocyta 
fibronactin racaptor from HT10890, Molt 4 or chronically 
activatad C08* T (IAX) call datargant axtracts. 
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125 X-labalad Molt 4, LAX or HT1080 calla wara 
axtractad with 1% Triton X-100 in tha praaanca of 
phanylaathyl eulfonyl fluorida (1 aM), N-athylaalaiaida (l 
aM), laupaptin (1 nq/ml) and diiaopropyl fluorophoaphata (l 
aM). as protaasa inhibitor*. Aliquot* of thaaa axtracta vara 
8 iaauna praeipitatad with monoclonal antibodiaa diractad to 
•3*1 (P1B5) , o2*l (P1H3) and aifil (P3E30. Tha lamina 
praeipitatad antigana vara run on 7.5% SDS-PAGE gals in tha 
abaanea of 2-ME and visualisad by autoradiography. Tha threa 
w— 4_. M n ^iBifc«fc«d with P3E3 fro« T lyaphocytas ara 
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indicated (arrows). 

Flguro 3. Idantification of lyaphocyta apacific 

f ibronactin racaptor aa Intagrin oAfil . 

125 I-aurfaea labalad Jurkat calls wara axtractad 
with 0.3% CRAPS in tha prasanca of 1 BR CaClj, 1 aM 

15 diiaopropyl-fluorophoaphata, 1 aM phanylaathyl aulfonyl 

fluorida, isM H-athylaalaiaida, 1 m9/b1 laupatin and 2 M/ml 
soybaan trypsin inhibitor. Aliquots of tha axtracts wara 
than iaauna praeipitatad with nyaloaa (SP2) cultura 
supamatant or with aonoclonal antibodiaa P3E3, P4C2, P4G9 or 

20 with P1D6 (anti-«581) . Tha iaauna praeipitataa wara run on 8% 
SDS-PACE gals in tha abaanea of raducing agant and visualiiad 
by autoradiography. Molaeular waight aarkars ara shown on 
tha laft-hand sida. Tha «5 and fil aubunits ara indicatad as 
ara tha bands praaant in iaauna praeipitataa praparad with 

28 P3E3, P4C2 and P4G9 (arrows). 

Pigura 4. Localisation of a4Jl and aSJl in focal 
adhasions on fibronactin-coatad aurfacas. 

RD calls wara trypainisad and allowad to adhara to 
silanisad and fibronactin-coatad (20 ^g/al) glaas covar alips 
30 in tha abaanea of sarua for 1 hour at 37« C. At tha and of 
this tia* tha calls wara praparad for localisation of 
racaptor* in focal adhaaiona aa daacribad (Expariaantal 
Procaduraa) . Panala A and C ahow foeal adhaaiona (arrow.) 
visualizad by intarfaranca raflaxion aicroscopy whan RD calls 
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are adhered to fibronactin. Panel B shows the reorganization 
of the ROD prototype fibronectin receptor a501 stained with 
antibody AB33 to ths focsl adhesions (arrows) . Panel D shows 
tha reorganisation of a4*l stainad with P4G9 (FXTC) also to 
the focal adhesions whan RO calls ara adharad to fibronactin 
(arrows). Panels A and B ars tha saaa fiald and Panals C and 

D ara tha saae fiald. 

Figura 5A. Doaain structura of human plasaa 
fibronactin (pFN) showing tha origin of tha fragments usad in 
this study. B. SDS-PAGE gal analysis (10% acrylaaide) 
demonstrating tha purity of tha fragaanta. 

Tha 80 kOa fragment had tha H-terminal amino acid 
saquanca SD()VPSPR()LQF, and therefore bagins at position 874 
of tha fibronactin molecule (Kornblihtt at al., 1985, EHBO J. 
4:1755-1759). This fragaant contains tha call binding doaain 
(Call) and tha RODS saquanca of fibronactin (*). Tha 58 kDa 
and 38 kDa fragaanta had tha N-tarainal aaino acid saquanca 
TAGPDQTEMTIEGLQ . Both fragaanta contain tha c-tarainal 
Haparin binding doaain (Rap II) and rasult from a diffarant 
claavaga of tha two fibronactin chains by trypsin. Tha 38 
kDa fragaant coaprisas tha first 87 aaino acid rasiduas of 
tha alternatively splicad connecting sagaant of fibronactin 
(IIICS) (Oarcia-Pardo, 1987, Biochaa. J., 241*923-928) and it 
is tharafora darlvad froa tha A chain. Tha 38 kDa fragaant 
doas not contain tha REDV adhesion slta racognisad by B16-F10 
aalanoaa calls (Humphries at al., 1986, supra t Huaphriaa at 
al., 1987, supra ). Tha 58 kDa fragaant is alao darivad froa 
tha B chain of fibronactin and lacks tha IIICS region 
(Garcia-Pardo, at al., 1989, BOO J., subaittad). Tha 58 kDa 
fragaant also contains tha c-tarainal fibrin binding doaain 
of fibronactin (Fib XI) , and is siailar to praviously 
raportad fragaanta froa thia region of plasaa fibronactin 
(Click. E. H. , and Balian, O. 1985, Biochaa., 24:6685-6696). 
Tha bands ara visual it ad by a silver strain. 
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Pigure 6. Adhesion of hematopoietic colls to plasma 
fibronoetin and tha purified 38 kDa and 80 kOa tryptic 
fragments of plasma fibronoetin. 

51 Cr-labeled K562 (orythroloukomia) , Jurkat (CD3+ T 
lymphocyte) and YT (CD3*- T lymphocyte) cells (10 5 /w«U) were 
allowed to adhere to plastic surfaces that had been coated 
with intact plasma fibronoetin (pFN) or the p~ -if led 80 JcOa 
and 38 kOa tryptic fragments at the indicate concentrations 
for 2 hours at 37* C. At the end of this time non-adherent 
cells were washed off and tha bound cells were solubilized in 
SDS/NaOH and quant ita ted. The results are expressed as bound 
Cr cpm. 

Figure 7. Effect of the monoclonal antibodies P1D6 
and P4C2 to the integrin receptors a501 and a*fil 
(respectively) on adhesion of T lymphocytes to intact plasma 
fibronoetin (pFN) or the purified 80 kOa and 38 kDa tryptic 
fragments . 

51 Cr-labeled Molt 4 cells were incubated with 
purified P1D6 or P4C2 monoelonal antibodies (50 jig/ml) or 
purified mouse ZgG (50 jig/ml) for 1 hour at 4' c. They were 
then allowed to adhere to plastic surfaces that had been 
coated with intact plasma fibronoetin, or the 80 kDa and 38 
kDa tryptic fragments at the indicated concentrations for 1 
hour. At the end of this time the non-adherent cells were 
washed off and the adherent cells were solubilized and bound 
5l Cr epm were quant itated in a gamma counter. The results 
are expressed as bound epm. 

Pigure 8. Effect of CS-1 B12 peptide on T 
lymphocyte adhesion to ZL-18 Activated HOVE cells. 

Pigure 9. 

(a) Diagram of the ZZZ CS and CS-1 regions. 

(b) Amino acid sequence of CS-1, A13, and 

B12. 
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3. DETAILED DESCRIFTIOM OF THE IMVENTIOW 

In experiments designed to examine the function of 
aSpl in lymphocytee, it was observed that resting peripheral 
blood and cultured T lymphocytes (Molt 4 or Jurkat) expressed 
an affinity for f ibronectin independent of tho prototype 
fibronactin receptor, aSfil. Although theae coll* attached to 
fibronactin-coatad aurfacaa thay expressed low or 
undetectable lavala of a5fil recognised by tho functionally 
dofinad monoclonal antibody, P1D6 (Wayner et al., 1988, J. 
Coll Biol. 107:1881-1891). Furthermore, T lymphocyte 
adhasion to fibronactin could only b* partially inhibitad by 
P1D6 or RCD containing paptidaa suggaating tho Involvement of 
other receptoro for fibronactin in the adheaion proceaa. 
Alternatively, adheaion of other cella to fibronactin, auch 
aa malignant or tranaformed fibroblaata and activated T 
lynphocytaa (IAK cella) could be completely inhibited by 
P1D6. Thia auggeated that reating peripheral blood T 
lymphocytes and cultured T cell leukemiaa expreaa multiple 
Independent and functional fibronactin receptora. 

According to the preaent invention, an alternative 
20 fibronactin receptor vaa identified by preparing Monoclonal 
antibodiea that apecifically inhibited the adheaion of T 
lynphocytaa but not other cella to fibronactin. Thia 
receptor vaa Identical to the integrin receptor, o4«l, and 
mediated the attachment of peripheral blood lymphocytes, 
.* cultured T cell linea and RD cella to plasma fibronactin. 

Furthermore, T lymphocytee expressed a clear preference for a 
38 kDa tryptic fragment of plasma fibronactin (Garcia-Pardo 
at ml.* 1987, Biochem. J., 24H923-928) containing the 
Heparin XX domain and 67 amino acid residuea of the type HI 
connecting aegment (IX ICS) apanning the C8-1, C8-2 and CS-3 
regiona defined by Rumphriea at al., 1986, J. Cell. Biol., 
103 » 2637-26471 Rumphriea at al., 1987, J. Biol. Cham., 
26216886-6892). According to the preaent invention, T 
lymphocytaa were found to attach only to CS-1 and monoclonal 
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antibodies to aAfil (P3E3, P4C2 P4G9) completely inhibited T 
lymphocyte adhesion to the 38 kDa fragment and to CS-1. T 
lymphocytes vara also found to attach (with much lower 
affinity) to a site present in the Heparin II domain and 
monoclonal antibodies to e4fl also inhibited this interaction. 
8 The functionally defined monoclonal antibodies to «4jl did not 
inhibit T lymphocyte adhesion to an 80 kDa tryptic fragment 
of plasma fibronectin containing the ROD sequence, whereas 
antibodies to o5*l (the prototype fibronectin receptor) 
completely inhibited this interaction. 

In addition, the present invention relates to the 
discovery that the «4*1 receptor mediates the interaction 
between lymphocytes and endothelial cells. According to the 
invention, antibodies or peptides can be used to block the 
adhesion of lymphocytes to endothelial cells. 

Por purposes of clarity of disclosure, and not by 
way of limitation, the present invention will be described in 
the following subsections. 

i) Preparation of antibodies to 

extracellular matrix receptors (ECMRs) ; 
20 ii) characterisation of the ECMR-ligand 

interaction; 

iii) Methods of intervening in cell adhesion; 

iv) Utility of the invention; and 

v) Peptides and antibodies of the 
25 invention. 

3.1. PREPARATION OF ANTIBODIES TO 

EXTRACELLULAR MATRIX RECEPTORS 

Preparation of antibodies to extracellular matrix 
» receptors may be performed using any method for generating 
antibodies known in the art. Intact cells, or purifisd 
extracellular matrix receptor (ECMR) may be used as 
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lamunogen. Immunisation of a host is preferably performed 
using inunogan obtained from a xanoganaie aourea. 
Antibodies say b« polyclonal or monoclonal. 

Various procaduras known in tha art say ba usad for 
tha production of polyclonal antibodies to epitopes of a given 
ECMR. For tha production of antibody, various host animals 
can be immunized by injection with an ECMR protein, or a 
synthetic protein, or fragment thereof, or, alternatively, 
intact cells way be used. Various adjuvants «ay be utilized 
to increaae the immunological response, depending on the host 
species, and including but not limited to Freund's (complete 
and incomplete), mineral gels such as aluminum hydroxide, 
surface active substances such as lysoleeithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebactarlum parvus) . 

A monoclonal antibody to an epitope of a ECMR can 
be prepared by using any technique which provides for the 
production of antibody molecules by continuous cell lines in 
20 culture. These include but are not limited to the hybridoma 
techniques originally described by Kohler and Milstein (1975, 
Nature 236i4»5-497) and Taggart and Samloff (1983, science 
219:1228-1230), and the more recent human B cell hybridoma 
technique (Xosbor at al., 1983, Immunology Today 4:72) and 
EBV-hybridoma technique (Cole et al., 1985, Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

The monoclonal antibodies for therapeutic use may 
be human monoclonal antibodies or chimeric human-mouse (or 
other species) monoclonal antibodies. Human monoclonal 
antibodies may be made by any of numerous techniques known in 
the art ( e.g. . Tehg et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80:7308-73121 Kosbor at al., 1983, Immunology Today 
4:72-79; Olsson et al., 1982, Math. Encymol. 92:3-16). 
Chimeric antibody molecules may be prepared containing a mouse 
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antigen-binding domain with human constant regions (Morrison 
at al., 1984, Proc. Hatl. Acad. Sci. U.S.A. 81:6851, Takeda at 
al., 1985, Nature 314:452). — 

A molecular clone of an antibody to an ECMR epitope 
can be prepared by known techniques . Recombinant DMA 
5 methodology (see e.g., Maniatis at al., 1982, Molecular 

Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, Mew York) may be used to construct nucleic 
acid sequences which encode a aonoclonal antibody «olecule , or 

antigen binding region thereof. 

Antibody aolecules nay be purified by known 
techniques, e.g. . imaunoabsorption or iaaunoaffinity 
chromatography , chromatographic aethods such as HPLC (high 
performance liquid chroaatography) , or a coabination thereof, 

etc. 

15 Antibody fragaents which contain the idiotype of 

the aolecule can be generated by known techniques. Por 
example, such fragments include but are not liaited to: the 
F(ab') 2 fragment which can be produced by pepsin digestion of 
the antibody aolecule; the Fab' fragaents which can be 
20 generated by reducing the disulfide bridges of the F(ab') 2 
fragment, and the 2 Fab or Fab fragments which can be 
generated by treating the antibody molecule with papain and a 

reducing agent. 

Likewise, antibodies which are reaetive with ECMRs 
produced by the above aethods may be identified and selected 
by any technique known in the art. For example, antibodies 
aay be shown to bind to and/or iaaunoprecipitatf a known ECMR 
which has been purified or otherwise separated troa other 
proteins, as in a polyacrylamide el. Alternatively, 
antibodies to ECMRs aay be identified by their ability to 
coapete with previously known ECMR antibodies for binding to 
ECMRs. Antibodies which bind to ECMRs aay also be identified 
by their ability to block an ECMR/ligand interaction. For 
example, and not by way of liaitation, cells bearing an ECMR 
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receptor which binds to fibronectin (which need not. itself, 
have bMii identified or characterized, but merely functionally 
defined) may be shown to adhere to e substrate coated with 
fibronectin. If an antisera or hybridoma supernatant may be 
shown to inhibit the adherence of cells to the substrate, the 
antibodies contained in antisera or supernatant say recognize 

the ECMR receptor. 

According to the invention, antibodies which 
recognise the *4fil receptor aay be prepared by the methods 
outlined supra . In a preferred embodiment of the invention, 
monoclonal antibodies directed toward a4*l may be produced as 
follows: aice obtained fron RBF/DN nice say be immunised with 
about 100 id of packed T lymphocytes » their spleens aay 
subsequently e removed and fused with myeloma cells, for 
example, NS-1/FOX-NY myeloma cells, as described by Oi and 
Hersenberg (1980, in "Selected Methods In Cellular 
Immunology,* Kishell and Shiigi, eds, Freeman and Co., San 
Francisco, pp. 331-373) and Taggart and Samloff (1983, Science 
219 t 1228-1230) . Viable heterokaryons may then be selected in 
RFH1 1640 media supplemented with 
20 adenine/amineptarin/thymidine. Hybridomas producing antibody 
directed toward lymphocyte ECMRs may be screened by adhesion 
to fibronect in-coated surfaces and cloned by limiting 
dilution, in particular, antibodies directed toward «4J1 may 
be identified, for example, by the ability to block adherence 
25 of lymphocytes to substrate coated with CS-1 peptide or its 
derivatives, or to endothelial cells. Antibodies which 
recognise -4*1 will not, however, inhibit the binding of cells 
bearing the aZfil receptor to RGD-peptide coated substrate. 
Alternatively, antibodies directed toward otfil, may be 
30 identified by their ability to i) competitively inhibit the 
binding of known anti-o4Jl, antibodies (such as P4C2 or 
P4C10) , or ii) bind to the same protein as known anti-o401, 
antibodies (e.g. in a protein gel, Western blot, or in 
sequential immunopreclpitation experiments) . 
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S.2. CHARACTER! 2 ATI OH OF THE ECMH/LI6AMD INTERACTION 

The interaction bttmn an extracellular aeabrane 
raeaptor may ba characterized, for exaaple, and not by way of 
limitation, by tha following nathoda: 

i) Determination of raeaptor diatribution 

and function; 

ii) Xntarvantion in racaptor/ligand binding; 

iii) Xaolation and chemical characterisation of 
raeaptor and/or ligand. 

Thaaa aathoda will ba deacribed aore fully in tha tbraa 
following aubaactiona. 

5.2.1. DETERMINATION OP RECEPTOR DISTRIBUTION AMD FUNCTION 

According to tha aathoda of tha invention, raeaptor 
diatribution aay ba deterained uaing any aathod known in tha 
art. Por exaaple, and not by way of limitation, call 
populationa bearing the ECMR aay be identified uaing 
aonoclonal antibodiea directed toward the ECMR of intereat. 
Binding of antibody to the ECMR aay be detected uaing 
iaaunohietocheaieal techniquea auch aa iaaunofluoreacence and 
iaaune peroxidaae atalning. Alternatively, populationa of 
eella bearing the ECMR of intereat aay be collected uaing 
fluoreaeence-ectiveted eell aorting techniquea. 

Becauae there appeara to be a apacific 
reorganisation of cell aurface adheaion receptora to the focal 
adheaiona whan cella are grown on the appropriate Uganda 
(Burridge at al., 1988, Ann. Rev. Cell Biol. 4:487-523), one 
aathod for characterizing the functional interaction between a 
given receptor and a potential ligand involvea determining 
whether the ECMR of interest distributee into the focal 
adheaiona foraed between cell and ligand aubatrate. For 
exaaple, and not by way of liaitation, o4*l aay be ahown to 
interact with fibronectin in a receptor/ ligand relationehip by 
the following aathod (aoe alao aection 6.2.3., infra) . 
Lyaphocytea aay be allowed to adhere to a fibronectin 
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subatrata, and tha focal adhaaiona batvaan calla and aubatrata 
■ay ba viaualisad by intarf aranea raflaxion Microscopy (Zzsard 
at al., 1976, J. Call Sci. 21:129-159). Antibodiaa which 
racogniza aAfil, auch aa P4G9 or P4C10, say ba uaad to show, 
using standard iaaunohistochaaical tachniquas, a.g. fluoro-iso 
thiocyanata, that In tha abaanca of aarua, *4fil radistributaa 

into tha focal adhaalona. 

Zntaraction batvaan ECKR and ligand. aay also ba 
charactarisad by tasting for tha ability of tha ECKR to adhara 
to a variaty of diffarant aubstratas. For axaapla, a call 
typa of lntarast or an ECKR of intarst aay ba tastad for tha 
ability to bind to aubatrataa conaisting of purifiad 
coaponants of tha axtracallular matrix, such as fibronactin, 
col lagan, vitronactin or laaihin. In a spacific aabediaant ef 
tha invantion, calls baaring tha a4*l aay ba shown to adhara 
to fibronactin, but not to col lagan or laainin aubatrataa aa a 
rasult of tha a*fil/ fibronactin intaraction. 

In furthar aabodiaants of tha invantion, in which 
an ECKR of lntarast is shown to bind to a particular protain 
ligand, aubatrataa baaring subfragaants of tha protain ligand 
aay ba tastad for tha ability to bind to an ECKR on tha 
surfaca of calls, tharaby paraitting tha localisation of tha 
binding sita batvaan ECKR and ligand. Zn a spacific 
aabodiaant of tha invantion, in which tha racaptor is a401, 
which has baan datarainad to bind to fibronactin (supra) , 
28 aubatrataa baaring subfragaants of fibronactin aay ba tastad 
for thair ability to bind o4Jl-baaring calls, as axanplified 
in Saction 6, infra . Although T lyaphocytas attachad to tha 
80 kDa call binding doaain of fibronactin baaring tha a4Jl, 
racaptor (Figura SA) thay daaonstratad a claar prafaranca for 
an non-RGD containing ragion locatad on a 98 kDa tryptie 
fragaant darivad froa tha A (or haavy) chain of plasaa 
fibronactin. T lyaphocytas also racognisad and bound to 
anothar Rap XX containing 58 kOa fragaant. Movavar, tha high 
affinity lyaphocyta binding sita vas locatad on tha 38 kDa 
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fragaant. On a solar basis, tits 38 kOa fragaant was thraa 
tlaas mora af fieiant than tha 58 kDa fragaant in aadiating T 
lyaphecyta adhasion. As shown in Figura 5A tha 38 kOa and 58 
kOa fragaants vara darivad froa tha A and B chains of plasma 
fibronactin, raspactivaly. Thay tharafora diffar in tha 
prasanea or absanea of ZZZCS (Kornblihtt at al., 1985 , supra; 
Garcia-Pardo, 1987, supra). Thus, it is possibla that tha 38 
kDa and 58 kOa fragaants usad hara ahara a common low 
affinity T lyaphocyta binding sita, loeatad in tha Hap II 
domain, and that additional high affinity T lyaphocyta 
adhasion sitas ara prasant in tha IIICS ragion uniqua to tha 
38 kDa fragaant. In fact, T lymphocytas appaar to 
spacifically racognisa and bind to CS-1, which has baan 
dafinad as a high affinity adhasion sita for B16 aeianoaa 
calls and avian naural crast calls (Humphries at al., 1987, 
supra) Humphriaa at al., J. Call Biol., 106: 1289-1297; 

Dufour at al., 1988, EMBO J., 7i2661-2671) . CS-1 is a ragion 
of aolacular hataroganaity (ganaratad by altarnativa 
splieing) prasant in tha typa III CS domain on tha A chain of 
plasaa fibronactin. 



5.2.2. INTERVENTION IN RECEFTOR/LIOAN D BINDING 

Tha ECMR/ligand rolationahip aay ba furthar 
characterized by idantifying and evaluating aganta which 
intarfara with raeaptor/ligand binding. 
28 For axampla, antibodias dlractad to an ECMR of 

intarast aay ba usad to inhibit ligand/racaptor binding. 
Civan tha obsarvation that a particular call typa adharas to 
a givan ligand or callular substrata, it aay ba of intarast 
to idantify tha ECMR involvad in tha intaraction. A panal of 
30 monoclonal antibodias, aach dlractad toward a diffarant ECMR, 
aay ba tastad for tha ability to block tha adharanca of calls 
to substrata. Inhibition of binding by a particular antibody 
would suggast that tha ECMR racegnitad by that antibody is 
involvad in tha adhasiva intaraction. In a spacific 
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embodiment of the invention, lymphocyte adherence to 
endothelial cells in culture may be inhibited by antibodies 
directed toward «*401, but not by antibodies directed toward a 
variety of other ECMRs (see Section 7, below) , indicating 
that s4£l, is necessary for lymphocyte adhesion to endothelial 
colls. Additionally, monoclonal antibodies nay bo used to 
determine the relationship between ECMR and ligand substrate. 

As exemplified in section 6, infra , T lymphocyte 
adhesion to the 38 and 58 kOa fragments could be completely 
inhibited by functionally defined monoclonal antibodies to 
•4*1. Furthermore, T lymohocyte adhesion to CS-1 (ZgG 
conjugate) coated surfaces could also be completely inhibited 
by P4C2, P3E3 or P4G9. These data show clearly that a4fil is 
the T lymphocyte receptor for CS-1. In contrast, these 
antibodies failed to inhibit adhesion of T cells to the 80 
kOa fragment containing the prototype adhesion sequence arg- 
gly-asp (RGD). Adhesion of T colls to the 80 kOa fragment 
could be completely inhibited by a monoclonal antibody to aSfil 
(P106) or by RGDS. P1D6 and RODS failed to inhibit T 
lymphocyte adhesion to the 38 and 58 JcDa fragments or to CS- 
1. Together, these data show that aAfil functions as the 
receptor for the earboxy terminal adhesion domain of plasma 
fibronectin receptor for alternative adhesion sequences in 
ZZICS (CS-1) and possibly Rep ZZ. 

In further embodiments of the invention, the 
ECMR/ ligand relationship may bo characterized by determining 
the structure of the ligand. Zn particular, the ability of 
agents to compete with ligand in the ECMR/ ligand interaction 
may be evaluated. Por example, whore the ligand is a 
protein, various fragments of the protein may bo tested for 
their ability to competitively inhibit receptor/ ligand 
binding. Zn a particular embodiment of the invention, in 
which lymphocytes are observed to bind to endothelial cells 
as well as to fibronectin, peptide fragments of fibronectin 
may bo testod for the ability to competitively inhibit the 
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binding of lynphocytaa to endothelial coll aubatrate. A« 
exemplified in Section 7, infra , CS-1 peptide, and, in 
particular, the paptida EILDVPST waa abla to competitively 
inhibit tha binding of lymphocytea to fibronactin and to 
andothalial calla, tharaby localising tha binding aita on tha 
ligand to a ragion idantical or homologous to EILDVPST. 

5.3. METHODS OF INTERVENING IN CELL ADHESION 

According to tha invention, adharanca of ona call to 
anothar nay ba inhibitad by intervening in tha ECMR/ligand 
intaraction. In a particular embodiment of tha invention, 
tha binding of lynphocytaa to andothalial calla «ay ba 
inhibitad by intarfaring with tha binding of o4*l to its 
ligand. Thia nay ba accomplished by using antibodias 
diractad toward tha ECKR, or, alternatively, to ita ligand 
(antibodias say ba ganaratad toward ligand in a mannar 
analogoua to that daacribad in Saction 5.1). In altamata 
embodiments of tha invention, paptidas which inhibit tha 
binding of o4*l to ita ligand nay ba uaad to, in turn, 
inhibit adharanca of lynphocytaa to andothalial calla. 
20 In a apacific embodiment of tha invention, 

anti-a4*l antibody, or a fragnent or darivativa tharaof , 
■ay ba uaad to inhibit tha binding of lynphocytaa bearing 
e4*l receptors to vascular andothalial calls. In prafarrad 
embodimenta, tha antibody is a monoclonal antibody, in 
particular antibody P4C2 <e4jl> or P4C10 (fil) , or fragmenta 
or darivativaa tharaof, including chimeric antibodies with 
tha same binding apecif icities. 

In additional embodiments of tha invention, 
paptidas say be uaad to inhibit tha binding of lynphocytaa 
bearing e4*l racaptors to vascular andothalial calls. In a 
prafarrad embodiment, tha paptida comprises at leaat a 
portion of tha aequence of tha IIICS variabla ragion of 
fibronactin. In a nora prafarrad anbodinant, tha paptida 
comprisea at laast a portion of tha CS-1 paptida as daf inad 
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by Humphries st al., (1987, J. Biol. Chem. 262 : 6886-6892 ) , 
which is incorporated by reference in its entirety herein, or 
a peptide substantially hoaologous to it. In a most 
preferred embodiment, the peptide comprises at least a 
portion of the sequence EILDVPST, or a sequence substantially 
homologous thereto. 

3.4. UTILITY OF THE INVENTION 

According to the invention, the adherence of one 
cell to another may be inhibited by interfering in the 
binding between the ECMR and its ligand. In particular 
embodiments of the invention, the adherence of lymphocytes to 
endothelial cells may be inhibited by interfering with the 
binding of a4*l on lymphocytes to its ligand on the 
endothelial cell surface. According to the invention, the 
interaction of additional ECMR with endothelial cell Uganda, 
and the inhibition of adhesion of these cells to endothelium 
by interfering with the ECMR/endothelial cell interaction is 
envisioned. Por example, the adhesion of macrophages to the 
endothelium may also be inhibited by intervention in the 
macrophage ECMR/endothelial cell interaction. Likewise, 
melanoma cells, which also recognise the CS-1 peptide, may be 
inhibited from metastasising and entering tissues using the 
peptides or antibodies of the invention. 

The method of the invention is therefore useful in 
preventing the egress of lymphocytes through the vascular 
endothelium and into tissue. Accordingly, the present 
invention provides for a method of suppressing the immune 
response in human patients in need of such treatment. In 
particular embodiments, the present invention provides for 
30 methods of treatment of diseases associated with chronic or 
relapsing activation of the immune system, including collagen 
vascular diseases and other autoimmune diseases (such as 
systemic lupus erythematosis and rheumatoid arthritis) , 
multiple sclerosis, asthma, end allsrgy, to name but a few. 
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Th* present invention also provide, for methods of treatment 
of relatively acute activation* of the imnun* system in 
patient* in need of euch treatment, including, for example, 
and not by way of limitation, graft vereue hoet disease, 
allograft rejection, or transfusion reaction. 
8 Depending on the nature of the patient's disorder, 

it aay be desirable to inhibit lymphocyte migration into 
tissues systemically or, alternatively, locally. For 
example, in diseases involving multiple organ systems, such 
as systemic lupus erythematosis , it may be desirable to 
10 inhibit lymphocyte adhesion systemically during a clinical 
exacerbation. However, for a localised contact dermatitis, 
it may be preferable to restrict migration of lymphocytes 
only into those tissues affected. 

Control of systemic versus localised use of the 
15 methods of the present invention may be achieved by modifying 
the compositions of antibodies or peptides administered or by 
altering the structure of these agents or their pharmacologic 
compositions. Por example, the antibodies or peptides of the 
invention may be administered by any route, including 
20 subcutaneous, intramuscular, intravascular, intravenous, 
intraarterial, intrar al, oral, intraperitoneal, rectal, 
intratracheal, or intrathecal. However, to achieve local 
inhibition of lymphocyte adhesion to endothelium, it may be 
desirable to administer the antibodies or peptides of the 
25 invention, in therapeutic amounts and in a suitable 

pharmacologic carrier, subcutaneously or intramuscularly. 
Alternatively, to achieve systemic inhibition of lymphocyte 
adhesion, it may be desirable to administer the antibodies or 

peptides intravenously. 

In various embodiments of the invention it is 
advantageous to use a pharmacologic carrier which facilities 
delivery of the antibodies, peptides, etc. of the invention. 
For example, when antibodies, raptides, etc. are to be 
delivered to the skin (e.g. for the treatment of chronic 
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inf luiatory dermatologic conditions) , • pharmacologic 
carrier which aids in the penetration of tha cuticle, 
epidermis, and dermis may ba advantageous . 

Dissemination of tha paptidas or antibodias of tha 
invantion may also ba control lad by altering tha half-Ufa of 
tha paptida or antibody, or its affactiva half-lifa. Por 
example, tha paptidas of tha invantion say hava a ralativaly 
short half lifaf if thasa paptidas wars administered in a 
sustained release iaplant, tha araa of tissuo adjacent to tha 
implant would ba exposed to paptida, (a.g. a joint in a 
rheumatoid arthritis patiant) wharaas tha paptida may ba 
degraded *»afore raaching more distant tissuas. 
Altarnativaly, if tha paptida is modified to achiava a longer 
half-lifa by chemical nodi ficat ions to produca derivatives, 
including but not limitad to amino acid substitutions, 
gly cosy 1 at ions, substitution of anantionaric variants (i.e. 
D-enantiomars of constituant amino acids), additions, ate., 
tha paptida is more likely to ba widaly distributad at 
sustainad 1 avals. As furthar examples tha N-terminus or C- 
tersinus of tha paptidas may ba aodifiad to rasult in graatar 
stablility. 

In additional aabodlaants, tha antibodias or 
paptidas of tha invantion may ba conjugatad to antibodias or 
othar Uganda which sight diract tha antibodias or paptidas 
to spacific tissuas. For axaapla, and not by way of 
limitation, paptidas of tha invantion aay ba conjugatad to 
antibodias targeted toward andothallal calls. Furtharaora, 
antibodias may ba producad which mimic tha ECKR, and tharaby 
attach to andothallal call Uganda, blocking lymphocyta 
adhasion. 

5.3. PEPTIDES AND ANTIBODIES OF T HE INVENTION 

Tha paptidas of tha invantion includa any paptida 
which is capabla of interacting with tha ECMR of intarast. 
In a spacific embodiment of tha invantion, any paptida which 
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is capable of interacting with the *4fil receptor say be used 
to inhibit tha binding of lyaphocytes to endothelium. 
Preferably, thasa paptidas say ba shown to inhibit adhesion 
of lyaphocytes to endothelium in vitro prior to in vivo usa. 
In a prafarrad embodiment of tha invention, tha paptidas 
comprise at laast a portion of tha fibronactin IIICS ragion. 
Zn a mora prafarrad aabodiaant, tha paptidas coaprisa at 
laast a portion of tha CS-1 paptida saquanca, or a saquanca 
substantially homologous to tha CS-1 saquanca as prasantad in 
Figura 9(a) and (b). In a aost prafarrad aabodiaant, tha 
paptidas of tha invantion coaprisa at laast a portion of tha 
saquanca EILDVPST or a paptida saquanca substantially 
homologous tharato. 'Substantially homologous* should ba 
construed to aaan that tha paptidas of tha invantion aay ba 
alterations of tha specified saquanca such that a 
functionally equivalent aaino acid is substituted for one or 
aore aaino acids in the peptide sequence, thus producing a 
silent change. Tor example, one or aore aaino acid residues 
within the sequence can be substituted by another aaino acid 
of a similar polarity which acts as a functional equivalent. 
Substitutes for an aaino acid within the sequence aay ba 
selected f roa other members of the class to which the aaino 
acid belongs. For example, the non-polar (hydrophobic) aaino 
acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan and methionine. The polar neutral 
aaino acids include glycine, serine, threonine, cysteine, 
tyrosine, asparagine, and glutaaine. The positively charged 
(basic) aaino acids include arginine, lysine, and histidine. 
The negatively charged (acidic) aaino acids include aspartic 
and glutamic acid. In addition, as discussed in Section 5.3, 
the present invention also relates to derivatives of the 
aboveaentioned peptides. 
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Antibodies of the invention, produced and defined as 
described supra , include aonoclonal as wall as polyclonal 
antibodies and fragments and derivatives thereof, including 
the F(ab') 2 , Fab', and Fab fragments. 

6. EXMIP1E: INOENTIFICATION AND CHARAZTERI ZATION 
OF THE LYMPHOCYTE ADHESION RECEPTOR FOR AN 
ALTERNATIVE CELL ATTACHMENT DOMAIN IN PLASMA 
FIBRONECTIN 

The following experiments have described a new 
fibronectin receptor which appears to be identical to the 
integrin receptor <*4fil (Hemler et al., 1987, supra), 
preferentially expressed by nucleated hematopoietic cells. 
Identification of e4*l as a specific fibronectin receptor was 
based on (i) inhibition of call adhesion to fibronectin by 
aonoclonal antibodies (P4C2, P3E3 and P4G9), and (ii) 
specific reorganisation and concentration of e401 into 
fibronectin-dependent focal adhesions. These findings 
suggest that <*4fll and oSfil, the prototype fibronectin receptor 
function together as primary mediators of cell adhesion to 
fibronectin. 

6.1. MATERIALS AND METHODS 
6.1.1. REAGENTS 

Phenylmethyl sulfonyl fluoride, n-ethy lmaleiaide , 
leupeptin, diisopropyl f luorophosphata , 2-mercaptoethanol , 
bovine serum albumin (BSA) , Triton X-100, Protein A-Agarose, 
soybean trypsin inhibitor, and V8 protease (from 
Staphylococcus aureus , strain V8, protease type XVII) were 
purchased from Sigma Chemical Co. (St. Louis, MO) . 
Lactoperoxidase and glucose oxidasa wars from Calbiochem (San 
Diego, CA). TPCK-trypsin was from Cooper Biomedical, 
Malvern, PA. Fluoraseein-conjugatad (goat) anti-mouse IgG 
and IgM (H and L chains) or rhodamine-conjugated (goat) 
anti-rabbit IgG and IgM (H and L chains) were obtained from 
Taao. Inc. (Burlingame, CA) . R-phycoerythr in-conjugated 
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atrapavidin vaa froa Bioaada (Foatar city, CA). Rabbit 
anti-aouaa IgC (H+L) antiaarua waa ebtainad from Cappal 
(Coopar Biomedical, Malvam, PA). 51 Cr-acdiua chroaata waa 
froa Nav England Nuelaar. 12S Z waa f rem Aaarahaa (Arlington 
Ht*., XL). Hunan racoabinant intarlaukin-2 (ZL-2) vaa a 
ganaroua gift froa Or. D. Urdal (Zaaunax Corp., Saattla, WA) 
Laainin vaa purchaaad froa Collaborativa Raaaarch, Inc. 
Badford, MA) and purifiad plaaaa fibronactin and eollagan 
Typaa Z and ZZZ vara praparad aa pravioualy daaeribad 
(Waynar, E. A. and Cartar, w. G., 1987, auora and Waynar at 
al., 1988, aupra ) . 
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6.1.2. CELLS AND CELL CULTURE 

RD (Ruaan rhabdoayoaareoaa) and RT1080 (huaan 
fibroaareoaa) ealla vara obtainad froa tha Aaarican Typa 
Cultura collaetion (Roclevilla, MD). Paripharal blood 
aononuelaar call (PBMC) , platalat and granuloeyta populations 
froa nornal huaan donora vara praparad aa daaeribad (Kunieki 
at al., 1988, aupra t Waynar at al., 1988, aupra). Paripharal 
blood ealla froa patianta with acuta lymphocytic, larga 
granular lyaphocyta (LCL) or ayologonoua laukaaia vara 
ebtainad froa Or. Z. Barnatain and Dr. T. Loughran (Frad 
Hutehinaon Cancar Raaaarch Cantar) . Huaan lyaphokina (500 
U/al ZL-2) activatad killar (LAX) ealla and tha monoclonal 
HLA B7 apaeific huaan cytotoxic T lyaphocyta (CTL) call line, 
C1C4, vara praparad according to atandard protocol a (Grimm at 
al., 1982, J. Exp. Mad.,. 155x1923-19411 Glaaabrook, A. L. and 
Fitch, F. W., 1980, J. Exp. Mad., 151:876-8951 Brooka, 1983, 
Matura, 305:155-1581 Waynar, E. A. and Brooka, C. 6., 1984, 
J. Immunol., 132 t 2135-2142) Waynar, E. A. and Cartar, w. G. , 
1987, J. Call Biol., 105x1873-1884). Tha EBV tranaforaad B 
lyaphocyta call lina (BLCL) , ST-1, vaa darivad froa tha donor 
aplaan uaad in tha production of tha C1C4 CTL lina. All 
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1987, 



otter call lines and call culture condition* war* aa 
previously daacribad (Waynar, E. A. and Carter, w. 6 
supra; Waynar at al., 1988, supra). 

6.1.3. ANTIBODIES 

A rabbit polyclonal antibody, AB33, prepared against 
the cytoplasmic domain of tha fibronactin receptor, oSJl, wa " 
used to detect e5*l in fecal adhesions. Monoclonal antibodies 
A1A5, against tha common intagrin (Rynas, R. O., 1987, supra) 
01 subunit of tha VIA family of receptors ( Healer, M. E. , 
1988, supra ) and B5-C10 to the VTA 4 e subunit (Healer at al., 
1987, supra ) were obtained froa Or. Martin Haalar of tha 
Dana-Farbar Cancer Inst., Boston, MA). Monoclonal antibodies 
to tha intagrin receptors alfll (P18S) , a2*l (P1H3) and «5n 
(P1D6) have boon daacribad and were developed in thia 
laboratory. P1H5 and P1D6 inhibit fibroblast and platelet 
adhesion to collagen and fibronectin-ceated substrates, 
respectively (Waynar, E. A. and Cartar, w. C, 1987, supra ; 
Xunicki at al., 1988, supra ; Waynar et al., 1988, supra ) . 

Monoclonal antibodies to lyaphocyta adhesion 
receptors vara produced by tha methods of Oi and Hersenberg 
(Oi, V.T. and Hersenberg, L.A. 1980, Immunoglobulin producing 
hybrid call linaa. Im selected Methoda In Cellular 
Immunology . Ed. bv B.B. Mlahall and 8.M. Shiiai. W.H. 
Freeman and Co.. San Francisco, p p. 351-373) and Taggart and 
Saaloff (Taggart, R.T. and Saaloff, I.M., 1983, Science, 219, 
1228-1230) as daacribad (Waynar and Cartar, 1987 i Waynar, at 
al., 19SS). Splaena froa RBF/DN aice immuniied with 100 <.l f 
packed T lymphocytee vara raaovad and fused with HS-1/FOX-NY 
ayeloaa calls. Viable heterokaryone were selected in RPMt 
1640 supplemented with adenine/aainepterin/*»Y»** ln « ^ Taoaart 
and Saaloff, 1983) . Hybridoaas producing antibody directed 
to lyaphocyta adhasion racaptors were screened by spacif ic 
inhibition of lyaphocyta adhasion to f ibronect in-coated 
surfaces and cloned by limiting dilution. 
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Al though A1A3 (Healer et al., 1987, J. Biol. Chea. 
262:3300-3309) reacts specifically with the fil aubunit of the 
integrin receptora, and haa_been raportad to inhibit call 
adhaaion, Takada at al. (1988, J. Call. Biochaa. 37:385-393), 
this raagant has navar been observed to inhibit adhaaion of 
lymphocytes to any aurfaca. Tharafora a functionally dafinad 
antl-01 monoclonal antibody, P4C10, was producad using the 
pravioualy dascribad techniques (supra) and by screening 
inhibition of call adhesion to multiple liganda. P4C10 has 
baan shown to inhibit adhesion of calls to fibronectin, CS-1, 
collagen and laainin coated surfaces and reacts with fil by 
standard biochemical criterion. 



IB 



20 



28 



6.1.4. INHIBITION OP CELL ADHESION TO INTACT 
FIBRONECTIN AND FIBRONECTIN FRAGMENTS 

Antibodies that would alter cell adhesion to 
purified plasna fibronectin, tryptic fragments and CS 
peptides were identified as previously described (Wayner and 
Carter/ 1987) . Briefly, 48 well virgin styrane plates were 
coated with human plasaa fibronectin (5 pl/al) . The plates 
were blocked with PBS supplemented with 10 ag/al heat 
denatured BSA (HBSA) . T lymphocyte or HT1080 cells were 
labeled with Ha. 51 Cr0 4 (50 alCi/al for 2-4 hr) , washed, and 5 
X 10* HT1080 or cultured T cells or 5 X 10 10 PBL/wall w«ra 
incubated with hybridoaa culture supernatants (1:2 dilution 
in PBS supplemented with 1 ag/al heat denaturad BSA) or 
control myeloma cell culture supernatant for 15 minutes at 
room temperature. The cells were allowed to adhere to the 
protein-coated surfaces in the presence of the hybridoaa 
supernatants for 15-30 minutee (HT1080) or 2-4 hours 
(lymphocytes) at 37 *C. Non-adherent cells were removed by 
washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH and bound 51 Cr-cpa were quantitated in a gamma 
counter. 
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6.1.3. IMMUNE PRECIPITATION, AITO 8 MW^AL XM^E_ 
PRECIPITATION, V8 PROTEASE PEPTIDE MAPPING AND 
POLVACRYUmiPE GEL E LECTROPHORESIS 

Viable calla vara aurfaca labalad with 125-iodina as 
daacribad (waynar and Cartar, 1987) followad by axtraction 

B with 1% v/v Triton x- 100 datargant or 0.3% CHAPS datargant in 
50 aM phoaphata buf farad aallna pH 7.2. In soma eaaaa ImM 
Cad, was addad to tha lyaia buffar. ImM phanylmathyl 
sulfonal fluorida, ImM N-athylmalaimida, 1 mV«1 loupaptin and 
1 pq/ml trypsin aoybaan inhibitor vara uaad aa protaasa 

10 inhibitors." Immuna pracipitation and saquantial immuna 

pracipitations vara parformad axactly as praviously dascribad 
(Waynar and Cartar, 1987, supra). Poptida analysis followad 
tha baaic procadura of Clavaland at al. (1977, J. Biol. Cham 
252 t 1102-1106 ) with modif icationa as dascribad (Waynar and 

15 cartar, 1987) . Pelyacrylamida slab gals containing sodium 
dodacyl sulfata (SDS-PAGE gala) wara praparad following tha 
baaic stacking gal ayatam of Laammli (1970, Natura 227:680- 

■ 

685). 

„ 6.1.6. PREPARATION OP TRYPTIC FRAGM»ITSFROM 

20 HUMAN PLASMA FIBRONECTIN AND SYNTHESIS 

OF CS PEPTIDES . 

Human plaama f ibronactin waa a ganaroua gift fron 
Drs. Horowiti and R. Schulman (Haw York Blood Cantor, NY). 
Pibronactin was digastad with TPCK-trypsin for 90 »in at 
25 37 'C, and tha digast was fractionatad by affinity and ion- 
axchanga chromatography as praviously dascribad (Garcia-Pardo 
•t al., 1987, Biochsm. J. 241:923-9281 Garcia-Pardo at al., 
1989, Exp. call R««. 181:426-431). Two ovarlapping paptidas 
spanning tha initial 48 rasiduas of tha IXICS ragion of human 
» f ibronactin (CS-l and CS-2) wara synthasixad and couplad to 
rabbit IgO as dascribad (Humphriaa at al., 1986, and 
Humphrias at al., 1987, J. Biol. Cham. 262:6886-6892). 
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6.1.7. FLOORESCENCE ANALYSIS OF RECE PTOR EXPRESSION 

Expression of ECMRs on calls in suspsnsion was 
analyzed by ona or two color flow cytometry on^n EPICS 750 
dual laeer call sortar (Coulter, Hialaah, PL). Positiva 
fluorascanca was datarninad on a 3 dacada log seals and 
fluorascanca intensity (log Fl) wa* expressed as Bean channel 
nuaber (0-233) . Background fluorescence for a non-immune 
souse igG negative control was determined for each cell 
population and subtracted. Adherent cells were trypsinized 
and allowed to recover for 13 ainutes at 37 »C in the presence 
10 of serua before use for flow cytometry . For one or two-color 
fluorescence measurements, 10 6 cells in suspension were 
incubated for 30 ainutes with protein G-Sepharose purified 
goat IgG (20 ng/al) and than with first stage antibodies at 
4*C for 60 ainutes, washed in Ranks Balanced Salt solution 
containing 10 ag/al HBSA and 0.02% sodium aside 
(Hanks/BSA/SA) and incubated with FITC-conjugated rabbit 
anti-mouse IgG for 60 ainutes at 4'C in Hanks/BSA/SA. They 
were washed and fixed in cold 2t paraformaldehyde (prepared 
fresh) in PBS. For two-color fluorescence purified and 
biotinylated monoclonal antibody was than added to the FITC- 
stained and fixed cells to a final concentration of 1 ug/al 
in Hanks/BSA/SA and incubated at 4'C for 60 ain. Prior 
fixation with 2% paraformaldehyde had little effect on 
expression of lymphocyte integrin receptors; The fixed cells 
were washed and incubated in 0.S al Hanks/BSA/SA containing 
phycoerythrln-conjugated strepavidin (Bionetics) at 1/50 
dilution for 30 ain at 4*C. Finally the stained cells were 
washed and fixed again in 2% paraformaldehyde in PBS and held 
at 4 - C in the dark for analysis on the EPICS flow cytoaeter. 



IB 



20 



28 



30 



6.1.8. LOCALIZATION OF RECEPTORS IM FOCAL ADHESIONS 

Adherent cells were trypsinized, washed in RPNI 
suppleaented with 1 ug/al BSA plus 100 ug/al soybean trypsin 
inhibitor and allowed to adhere to acid washed and silanized 
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glass cover slips coated with fibronectin, laainin or 
collagen (20 ug/al) in ths abssncs of serum for 1-4 hour as 
described (Carter and Wayner, in preparation) . At the end of 
the incubation non-adherent cells were removed and adherent 
cells were fixed in 100 bM sodium cacodylate, 100 aM sucrose, 
4.5 an CaCl., 2% formaldehyde for 20 sin. they were 
permeabilixed with 0.5% Triton X-100 for 5 ainutes, then 
washed and blocked with 25% goat serua in PBS. The 
peraeabillxed cells were stained with antibodies to specific 
receptors (60 ainutes at rooa temperature) , washed and 
10 incubated with either FITC-conjugated goat anti-souse or 
_ rhodaaine-eonjugated goat anti-rabbit Zg6 (45 ainutes at rooa 
temperature) and washed again. The cover slips were inverted 
onto glass slides for fluorescence and interference reflexion 
microscopy (ISM) as described (lizard, S.C. and Lochner, 
L.R., 1976, J. Cell. Sei., 21, 129-159). 

6.1.9. TISSUE STAINING 

The distribution of the integrin receptors in tissue 
was determined by fluorescence microscopy of cryostat 
sections. Cryostat sections (6 urn) were prepared froa human 
skin, tonsil, or tumor samples embedded in OCT medium after 
snap freezing in isopentane/liquid nitrogen. All sections 
were fixed in 4% paraformaldehyde in PBS prior to incubation 
with primary antibodies and secondary fluorescent antibodies 
as described (Carter and Wayner, 1988, J. Biol. Chea. 
26314193-4201) . In control experiments, no fluorescence of 
rhodaaine was detected using the fluorescein filters or vice 
versa. 
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6.2. RESULTS 

6.2.1. IDENTIFICATION OP AN ALTERNATIVE 
FIBRONECTIM RECEPTOR _ 

Cultured T lymphocytes (Molt 4), K362, RD 
(rhabdomyosarcoma) and HT1080 (fibrosarcoma) calls and 
f rashly darivad PBL (not shown) adhered to fibronect in-coated 
surfaces (Figure 1: open bars) . However, Molt 4 and RD 
calls expressed low or undetectable levels of the prototype 
fibronact in receptor (integrin a5fil) recognised by monoclonal 
antibody P106 (Figure 1: striped bars). Consistent with 
this, adhesion of Molt 4 and RD calls to fibronectin could 
not bo completely inhibited by P1D6 (Figure 1: solid bars). 
Alternatively, adhesion of cells to fibronectin that 
expressed abundant oS$l (HT1080 and XS62) could be effectively 
inhibited by P1D6. Furthermore, the synthetic peptide RCDS 
did not completely inhibit T lymphocyte adhesion to plasma 
fibronectin (50-70% for Molt 4 or Jurkat cells versus 80-90% 
for fibroblasts and 100% for K562-1 cells) . Together, these 
data suggested that some cells, such as T lymphocytes, 
express fibronectin adhesion receptors other than a501. 

We attempted to identify other putative fibronectin 
receptors by preparing monoclonal antibodies to cultured T 
lymphocytes and screening them for their ability to 
specifically inhibit lymphocyte but not fibroblast adhesion 
to fibronact in-coated surfaces. Using this protocol several 
monoclonal antibodies (P4C2, P3E3, P4G9) were identified that 
inhibited cultured T lymphocyte but not HT1080 cell adhesion 
to fibronectin (Table 3). 
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TABLE III 



SPECIFIC INHIBITION OP LYMPHOCYTE ADHESION TO PLASMA 
6 FIBRONECTIN BY MONOCLONAL ANTIBODIES P3E3, P4C2 AND PPC49 



10 



SP2 



T".D« 
<°S B 1> 



FIBRONECTIN ADHESION 
(% OF CONTROL) 
P3E3 P4C2 P4G9 



1S PBL 

Jurkat 
Melt 4 
HT10S0 



100% 
100% 
100% 
100% 



43% 
22% 
18% 
5% 



38% 
33% 
12% 
98% 



10% 
12% 
8% 
93% 



32% 
48% 
39% 
104% 
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Ibum precipitation froa Triton X-100 datargant lyaataa 
praparad with 125 I-aurfaca labalad PBL (not shown) , Molt 4 or 
HT1080 (rigur* 2) call* ahoyad that tha inhibitory aonoclonal 
antibodiaa (data shown for P3E3) raactad with a aingla 
prqtain prasant in lynphocyta axtracta that aigratad at M 
130,000 (plSO) in tha praaanca (not ahown) or absanca (Figura 
2) of raducing agant. Undar thaaa ianuna praeipitation 
conditions plSO lackad an apparant v-fi aubunit structure and 
did not aigrata with aithar tha • or fi aubunit of tha 
intagrin racaptora a201 or a3*l (Figura 2) . Tha antigan 
ianuna praeipitatad froa Triton X-100 datargant axtracta 
praparad with chronically activatad COS* killar T lymphocytes 
(ZAX) or CTL (not shown) containad, in addition to pl30, 
rolativaly larga quantitiaa of two small ar protains that 
sigratad at M 80,000 and 70,000 in tha praaanca (not shown) 
or absanca of raducing agant. V8 protaass paptida napping 
ravaalad that p80 and p70 wars protaolytic fragaanta of pl30 
(not shown) . Thaaa lowar aolacular waight foras could ba 
lamina praeipitatad froa chronically activatad T calls avan 
whan datargant axtracts wars praparad in tha praaanca of 
aultipla protaaaa inhibitors (Figura 2 lsgand) . p80 and p70 
wara virtually abaant froa axtracts praparad with raating 
PBL, eulturad T (Molt 4, Jurkat) or B call laukaaiaa and RD 
calls. 

Tha biochaaical charactaristics of plSO suggastad 
that it aight ba ralatad to tha VIA 4 antigan daacribad by 
Haalar (Haalar at al. , 1987) . This was confinaad by 
sr tntial iaauna praeipitation (not shown) with a VIA 4 
spw-ific aonoclonal antibody, BS-C10. pl50 was aatairlishad 
as an a aubunit of tha Intagrin supar faaily by its 
association with $1 whan ianuna pracipitatiens wars earriad 
out aftar CHAPS datargant (0.3%) solubilization of 1 
eurfaca labalad T lysphocytas in tha praaanca of 1 aM Ca 
(Figura 3). Ondar thaaa conditions a4 was praeipitatad as a 
hatarodiaar with 01, Tha idantity of fil waa confiraad by V8 
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protaaaa paptida Mpplng (not shown) . Tha o4*l hatarodiwr 
lnono pracipitatad fro. T lyaphocyto. with tha inhibitory 
.onoclonal antibodiaa (P3E3, P4C2 and P4G9) was shown to b. 
distinct fro. ths prototyps fibronsctin racaptor, a30l. 
inuna pracipitatad with P1D« by thrss critsria. 1) Tha 
8 ralativa quantitias of a4>i and oSJl prasant in datargant 
axtracts of T ly«phocytas wars distinct with highar lavals of 
•4*1 baing prasant (Pigura 3) . This was in agraaMitt with 
tha data wa obtainad using flow cytoaatry (Pigura 1). 2) In 
aaquantial inuna pracipitation axparim«nts, ■onoclonal 
antibodias to «4*1 did not praclaar «5*1 t now shown) . 3) Tha 
V8 prof a., paptida >aps darivad fro. tha «4 and «S subunits 
pracipitatad with .onoclonal antibodias P3B3 and P1D6 wara 
claarly distinguishabla (not shown) . Purtharw>ra, undar tha 
conditions (0.3% CHAPS and IbM CaCl,) usad to sclubilixa tha 
conjugata of «4*1 fro. Jurkat calls (Pigura 3) anothar 
protain of highar .olacular waight (pl80) also raactad with 
tha .onoclonal antibodiaa or co-pracipitatad with .4*1. P"0 
was absant fro. axtracta praparad with P1D6 .onoclonal 
antibody (Pigura 3), non-lymphoid calls or TritonJC-100 
20 datargant axtracta praparad in tha abaanca of Ca . Tha 

ralationahip of pl80 to othar intagrins is not known. Sinca 
•4 could ba inuna pracipitatad without $1 aftar 
solubilization of T call, with Triton X-100 in tha absanca of 
ca** this ravaalad that tha inhibitory .onoclonal antibodias 
29 . . ^i*.^. « MaM fc an tha a4 subunit (Pigura 2). 
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ePMOHED aw n tissue 

A. has baan pravioualy raportad (Haalar, supra) . 
30 a4 *i ««• widaly distribute on nuclaatad haMtopoiatic calla 



(Tabla IV). 
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TABLE XV 



DISTRIBUTION OF THE FIBRONECTXN 
RECEPTORS a 4 * x AND OH HOMAH CELLS 



10 



Calls 



'4*1 



Rslatlv* 

Flaurascanca 

Incsnsity 



1§ H— atopolatlc Calls 
PBL 

LCL (CD3-, CD16+) 

Monocytes (CD16+) 
Granulocytas 



20 



Platalats 
Splaan 
Tonsil 
ALL (T or B) 

LSL Laukaaia (CD3+, CD4+) 

28 AlfL 
BLCL 

MOlt 4 (CD3+, CD4+) 
Jurka (CD3+, CD4+) 
YT (CD3-) 
gjPHA blasts (CD4"f) 
CTL (CD3+, CD8+) 
LAX (CD3+, CDS*) 
HL-60 
U937 



or 



v- 



♦ 

4- 




K362-1 



rlbroblaf 



(P5) 

10HT1080) + 



VMS 



gplth«lUl C«ll» 

I80C-I 
OVCAR-4 7 

T470 
QG56 
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Two-color flov cytomatry ravaalad that all lymphocyta 
subpepulatlons darivad from splaan, tonsil and psriphara: 
blood axprasaad abundant oifil. In addition, paripharal 
blood monocytes, f rashly darivad acuta lymphocytic (T or 
lsukemias, all larga granular lymphocytic (LGL) and 
myaloganous laukemias and cuiturad t and B lymphocyto ca: 
linos we examined axprassad abundant a401 (Tabla IV) . 
Normal human blood platalats and granulocytes wars nagat; 
for o401 (Tabla IV) . Normal human blood plateleta and 
granulocytas wars nagat iva for «4J1. Xn contrast, tha or 
hamatopoiatic call populations that axprassad olifil wars 
*c+\v*+mA t calls, olatalats, monoeytas and granulocytas 



acuta lymphocytic (T or B) and myaloganous laukemias and 
cuiturad K362, HL-60 and 0937 calls. Soma cuiturad T (Molt 
4 or Jurkat) and B (ST-1) call linas axprassad low levels 
of o5*l as datactad by P1D6 monoclonal antibody. In soma 
normal individuals, a subpopulation of PBL were positiva 
for P1D6 fluorascanca datactad by flow cytomatry. We ara 
invastigating tha natura of this subpopulation of PBL which 
axprass aS*l. TY calls, a CDS T call lymphoma, wara 
20 complataly nagativa for P1D6 by flow cytomatry. Thasa 
rasults show that tha major fibronactin racaptor 
constitutivaly axprassad by rasting T lymphocytas is a4*l 
and as wa hava praviously raportad (Waynar at al., 1988) 
axprassion of aS^lin T lymphocytas is rastrictad to 
laukamic or activated cuiturad calls. Intarastingly, most 
fibroblast call linas axprassad low lavals of o4«l vhila 
larga vassal andothalial calls (HUVEs) and cuiturad 
apithalial calls wara nagativa for o401 by flow cytomatry. 

In tissua, o401 was prasant in adult splaan, 
30 lymph noda and tonsil and assantially absant from all othar 
tissuas wa axaainad. n addition, tha ralativa quantities 
of tha fibronactin adhaaion racaptors axprassad by calls in 
spacific tissua domains variad dramatically. Por axampla, 
PBL and lymphocytas in tonsil and cortax and garminal 
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center arui expreeaed large quantities of «4^1 but 
virtually no aS*l. **fil found 1,1 •Pit««l A * 1 

ragiona in adult lymphatic tiaaue, but whether thia 
raault of lynphocyta infiltration of thasa araas or 
axprasaion of a4*l by lymphatic apithalial calls wai 
unclaar. 



was tha 



6.2.3. o4*l LOCALIZES IR FI BRONECTIN- DEPENDENT 

FOCAL ADF »«TOMg 

Th«ra is a spacific reorganisation of call 

10 aurfaca adhesion racaptors to tha focal adhasions whan 
calls ara grown on tha appropriata Uganda in tha abeence 
of sana (raviavad by Burridga at al., 1988, Ann. Rav. Call 
Biol., 4, 487-523). Sinca toM fibroblasts expreea a4*l wa 
* invaatigatad whether this receptor would distributa into 

1* focal adhasions Han fibronactin was usad as tha adhasion 
substrata. As c.vi ba saan in Figura 4 (A and C) , tha 
primary focal contact sltas. or focal adhasions could ba 
visualized by intarfaranca raflaxion microscopy (lizard, 
S.C. and Lochnar, L.R., 1976, J. Call. Sci., 21, 129-159) 

20 whan RD calls wars grown in fibronactin. Aa wa and othara 
hava raportad (Roman, J., LaChanca, R., Broekelmann, T.J., 
Robarts, C.J., Wayner, E.A., Cartar, M.Cw, and Macdonald, 
J., 1988, J. Call Biol. 108:2329-2543), in tha absanca of 
••rum «5*1 was concantratad at tha focal adhasions whan RO 

25 calls wars grown on fibronactin (Figura 4B, arrows) but not 
laminin-coatad eur faces. Likewise, staining with 
monoclonal antibody P4C9 (Pigura 4D, arrows) ravaalad that 
•441 was also concantratad in focal adhasions whan calls 
warm grown on fibronactin but not laminin-coatad surfacas 

» (not shown) . Thasa rasults damonstrata a spacific 
interaction of o4*l with fibronactin praaant in focal 
adhasions, tha primary adhasion structure of cultured 
calls. 
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Tha praaanca of both racaptors in focal contacts 
suggaatad tha possibility that «4jl and .5*1 bind to 
distinct adhasion aaquancas in fibronactin. In fact, 
avidanca for this v.. obtainad whan P4C2 and P1D6 vara uaad 
aiwiltanaoualy to inhibit call adhasion to intact plasaa 
fibronactin. P1D6 and P4C2 whan usad togathar cosplataly 
inhibitad adhasion of T lyaphocytas and partially inhibitad 
adhasion of RO calls to intact plasaa fibronactin (Tabla 

a 

V). 
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TABLE V 

COMBINED EFFECT OF MONOCLONAL ^BODIES P «" 
ON T LYMPHOCYTE AND RD CELL ADHESION TO FIBRONECTIH 



ANTIBODY 



SPECIFICITY 



ADHESION 
(% OF CONTROL ♦ SD) 




10 



XGG 

P1D6 

P4C2 

P1D6 ♦ 
P4C2 



Jurkat 



IS 



PID6 
P4C2 



aS*l 
a4Jl 



aSfil 



100% 

81 + 11 
99 ♦ 7 

36 + 8 



100% 
26 ♦ 9 
38"+ 14 



P1D6 ♦ 
P4C2 
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Interestingly, unlike T lymphocytes, neither P1D6 nor P4C2 
•lone were good inhibitors of RD cell edheeion to intact 
plasma fibronectin. RD cell adhesion to fibronectin could 
be efficiently inhibited by.PID* and P4C2 only when used 
together. 

5 

6 2 4. aABl POHCTIOMS AS THE RECEPTOR PORAM 
ROD INDEPENDENT ALTERNATIVE ATTACHMENT 
SITE IN FIBRONECTIN ^ 

The preceding results (Table XXX, Table V, 
Figure 1, Figure 4) clearly indicated that attachment of 
suae cells to plasma fibronectin was mediated by t i 
independent cell surface receptors, -4*1 and «5J1. It has 
been well docuaented that the ligand for a5Jl in 
fibronectin is the 80 kDa cell-binding domain which 
contains the ROD sequence (Pytela, R. , Pierschbacher, M.D., 
and Ruoslahti, E. , 1985, Cell, 40:191-198). To determine 
the region of fibronectin that interacts with a4>l we 
examined the adhesion of cultured T lymphocytes to various 
proteolytic fragments of plasma fibronectin (see Figure 5A 
and B), as well as the effect of monoclonal antibodies P1D6 
and P4C2 on lymphocyte adhesion to these fragments. As 
shown in Figure 6, Jurkat, YT and Holt 4 cells attach to a^ 
38 kDa fragment containing the Heparin (Hep) II domain much 
more efficiently than to an RGD-containing fragment (80 
kDa) . Jurkat and Molt 4 cells also attach in a dose 
dependent manner to another Hep II domain containing 
fragment of 58 kDa. Maximum cell attachment to the 58 kDa 
fragment, however, reached only 30% of that achieved by the 
38 kDa fibronectin fragment. This suggests that the 38 kDa 
30 fragment contain, a high affinity attachment site for T 
lymphocyte T lymphocytes did not adhere to the N- 
terminal 29 kDa fragment containing the Hep I domain of 
plasma fibronectin. In general, freshly d.riv. PBL showed 
a similar pattern of attachment as Jurkat or Mo±t 4 cells 
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end tho ability of fr«»hly dorivod PBL to bind to thm 80 
' kDa fragment correlated with expression of a 501. Other 
hematopoietic call lines such as K562 calls (Figure 6) 
exhibited a clear preference for the 80 kDa fragment of 
plasma fibroneetin while RO cells expressed promiscuous 
5 adhesion to all the gragments of plasaa fibroneetin tested 
except the N-terainal 29 kOa fragment . RDGS (1 ag/al) 
partially inhibited (30%) Jurkat cell adhesion to intact 
fibroneetin and completely (100%) inhibited their adhesion 
to the 80 kDa fragment. Jurkat cell adhesion to the 38 kDa 
f ragaent was unaffected by RODS (up to 1 ag/al). 

As we have previously shown (Table 3 and Figure 
1) , monoclonal antibodies to e4*l and a501 partially 
inhibited T lymphocyte adhesion to intact plasaa 
fibroneetin (Figure 7, top). As expected, P1D6 eoapletely 
inhibited adhesion of T cells to the 80 kDa fragment which 
contains the ROD adhesion sequence (Figure 7, middle) . 
P1D6 did not inhibit T lymphocyte adhesion to the 38 kDa 
(Figure 7, bottom) or 58 kDa fragments. In contrast, P4C2 
eoapletely inhibited T lymphocyte adhesion to the 38 kDa 
fragment and had no effect on adhesion to the 80 kDa 
fragment (Figure 7). Furthermore, adhesion of T 
lymphocytes to the 58 kDa fragment which also contains Hep 
XI could be inhibited by P4C2. In every case other T 
lymphocyte eell lines which express both e4*l and o5*l 
(such as Jurkat cells) behave exactly as Molt 4 cells 
(Figure 7). As seen in Table 4, K562 cells express only 
aSfil. Adhesion of K562 cells to the 38 (Figure 6) and 58 
kDa fragments was greatly reduced when compared to their 
adhesion to the 80 kDa fragment (Figure 6) . Adhesion of 
these cells to intact plasaa fibroneetin (Figure 1) or the 
80 kDa f ragaent could be eoapletely inhibited by P1D6. On 
the other hand, YT eells which do not express e581 (Table 
IV) adhere poorly to intact plasaa fibroneetin and the 80 
kDa fragment (Figure «) . These cells require 2-3 tiaes 
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lo„,« to ,dh.r. to Pl..~ flbron.etin-co.«d «*. 
jur-t or Holt 4 c.11.. *T «H., ho«v.r. .dMr. 
.ffici.ntly — in a do.. d.p.nd.nt »nn.r to th. » M. 
, r .,™.nt (Flour. «) ««1 .dholon of th... e.ll. to th. 38 
ST^IS- * co^l.fly inhibit- by »«■ ^» 
* d.f inlic.t. . di»et corr.Ution b.tv..n °< 
„4,1 and th. .MUtY to .tfch to tr.o»nt. of pl«« 
Ubron^in contain!* th. H.p II »d XXW 
rurth.r^r., th— .ho. un.=.ivo=.lly th.t 

fusion. » th. r.«ptor for thl. .lt.rn.tiv. crtl 
adhaaion domain. 

6 2 5 Tfi THE I vwtmftgVTE RECEPTOR FOR CS-1 

' ' Th. XXXCS ragion pr«.nt on tha A chain of 
pi.-, fibronactin (Figur. 3) contain, .t l...t two .it.. 
r ..pon.ibl. f~ ..di.tin, c.U f = in 



IS 



(Hunphria. *t ax., 77,.* afl <-*a92 j 

^ , -i , i*87 J. Biol. Cham. 262:6886-6892. 
Hunphria. .t al.J J « B * w * 

, «aao T Call Biol. 106:1289-1297). 

» thTtntlr. IIICS r„lon <« p^t««) m-Phri» =°" 
„rk«. .howd that th. CS-1 (M-t.r.in.1) W la " 
obtain- .dh..i°n ..,«»«. r.cognU.d by 

^'tn.^ «» er.-»nt contain. . ^"™J»?Z 
» .if weo*.i«- by human T lyphoeyt" ^ ^''^ 
raptor which «dl.t.. T ly.ph.eyt. .dh..lo» to 3. 
*Ufr.^nt do« not confln th. CS-5 but it do.. 

al., 1987, a. » lvrohocyt.. would racognita 

of int.ra.t to dataraina if T lyapnocy* . £ 

and bind to CS-1 and if .4/11 v.. th. racaptor involve in 
thi. infraction. 
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T lyspbocytas (Jurkat or Molt 4 calls) racogniza 
and attach to CS-1 (rabbit IgC conjugata) -coatad plastic 
•urfaca. (Tabla VI) ... T lysrphocytaa (Jurkat) do not attach t< 
cs-2 (rabbit IgC conjugata) coatad surfacas or to plastic 
surfacas coatad with rabbit IgG alona. Purtharsora, 
5 aonoclonal antibodias to **fil (P4C2) coaplatsly inhibitsd T 
lyaphocyts adhasion to CS-1 whils antibodias to aSfil (P1D6) 
had absoltttaly no af fact (Tabla VI) . As wa havs praviously 
shown antibodias to aifil coapl«t«ly and spacif ically 
inhibitad T lysphocyta adhasion to tha 38 kDa fragsant 
10 (Tabla VI) whila antibodias to aSfil spacifically inhibitad 
adhasion to tha ROD containing. 80 kDa fragsant. 
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TABLE VI 

INHIBITION OP T LYMPHOCYTE ADHESION TO CS-1 
PEPTIDE WITH MONOCLONAL ANTIBODIES TO o4$l 



LXGAND 



IgG 



ANTIBODY 
P4C2 



P1D6 



10 



15 



80 kDa 
38 kDa 

CS-1 
CS-2 



8580 + 214 
22680 ± 1014 
44339 ♦ 513 
2576 ♦ 214 



7154 ♦ 398 
114 ♦ 78 
841 ± 555 
535 ♦ 258 



202 ♦ 105 
24917 ± 352 
42897 ± 728 
435 ♦ 168 
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6.3. PTSCOSSIOM 

Using monoclonal antibody fchnology WW*' 
E.A. , Cartor Z*.. Piotrowic. R. and 

fibronsctin raptor .4*1. Monoclonal """^V 
compl.t.xy «.«mtie fraqmont of 



culture T lyapnocyto* «.« - — ~" Boparin 



II domain P«» ttxcs for .4*1- w th. cs-1 ~*ion 
(lies). Th. ligand in xx ^~ - / for ,. lanoaia coll. 
p W io».ly d.fin.d ..an - it if 



antibodi.. 

lyaphoeyt. 



partially inhibit * " ir . tt «cl».nt to an 80 

kDa cryptic rraga«n pW iou.ly 



Monoclonal antioooi.. i~ • x inhibited 

d..crib«d fibron.ctin r.c.ptor. .3*1, ™ no 

T W hocyt. .dh..ion to ^ " ^/^^ £ 
.ff.ct on th.ir attach-** *° £"J^JZZ*..Io*m wh., 
cs-1. Both .4*1 and .5*1 locli*.d to focal „ 

... «.k— nenten ww grown on 
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f ibronact in-coated aurfaces. These findings demonstrated a 
•pacific interaction of both racaptora with fibronectin at 
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Recently, Bernard! at al., 1987, supra; Liao at 
al., 1987, Exp. Call, Res., 171:306-320; Liao at al., 1989, 
Exp. Call Raa., 181:348-361 reported that soma B lymphocyte 
call Unas bind to a region of plasaa fibronactin located 
within the carboxy terminal Hep II domain. Liao et al., 
1987, supra identified an integr in-like receptor on B 
cells. However, it is not clear whether the protein they 
described was o4£l, a2fil or a5fil, Barnardi et al., 1987, 
supra also identified fibronactin receptors expressed by B 
lymphocytes. Interestingly, in this study, B cells which 
attached to fragments containing Hep II expressed a 
receptor similar to a401 while cells which attached to the 
rgd containing cell adhesion domain expressed a receptor 
similar to aSfil. However, from these data it was also not 
possible to clearly identify the receptor involved in 
binding. Together, the results of these previous reports 
and the present findings provide clear evidence in support 
of i) the existence of an alternative adhesion domain 
present in the carboxy terminal region of plasma 
fibronactin end ii) a role for oAfil as the receptor for 
this alternative adhesion site. It will be interesting to 
determine the precise amino acid sequences responsible for 
28 a4*l interaction with fibronectin. Since neither the 38 or 
58 JcDa fragments or CS-1 contain an RGD sequence 
(Kornblihtt et al., 1985, supra; Carcia-Pardo, 1987, supra; 
Humphries et al., 1986, supra; and Humphries et al., 1987, 
supra) , it is clear that characterization of the ligand for 
aAfil will identify a new amino acid sequence important for 
cell adhesion to fibronectin. Since the 38 kOa fragment 
does not contain CS-5 (Gareia-Pardo, 1987, supra) the 
_«_<— i »<nn seiii Mouanee responsible for T lymphocyte 
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adhasion to 38 kDa and tharafora tha ligand for o401 in 
thaaa calls ia not arg-glu-aap-val or FEDV (Hunphrias at 

al., 1986, aupra). 

Lika a2fil, tha a4 aubunit ia vaakly aaaoeiatad 

with tha fil aubunit. Tha data praaantad hara (Pigura 2) 
and our pravioua findings (Waynar, E. A. and Cartar, w. G., 
1987, supra and Waynar at al., 1988, supra) show that tha 
functionally dsfinad aonoclonal antibodias to olfil and aifll 
salsctivaly intaract with apitopas prasant on tha a 
aubunita, basad on Imc :na pracipitatad of «2 or a4 without 
fil aftar subunit dissociation. Thasa rasults suggast that 
tha uniqua a subunit is rasponsibla for dataraining tha 
ligand-binding spaeificity of aach fi coaplax. This 
concapt is now furthar aupport by tha obaarvationa 
prasantad hara that «5 and o4, which ara both coaplaxad 
with fil, madiata adhasion to distinct sitas on fibronactin. 
This is not to suggast that tha fi subunit is not important 
in binding, but that tha spaeificity of racaptor-ligand 
intaractions is datarninad by « or a uniqua a-p coaplax. 

It is intarasting that whila 1AK ealla axpraasad 
abundant call surfaca a* fil it did not appaar to ba a 
functional racaptoril P106 conplataly inhibitad XAX call 
adhasion to fibronactin. Tha raason for this could ba that 
1AK calls axpraas a dagradad tors of «4 (saa Pigura 2) . In 
addition, bacauaa thay ara act i vat ad, XAX calls ovar 
axpraaa oSJl whan coaparad to r sating paripharal blood or 
laukaaic T colls (Tabla VIII) . In othar calls which 
axpraaa largar quantitias of a5*l ralativa to a* fil (K562-1 
and HT1080) adhasion to tha 80 kDa RGD containing doaain 
via aSfil is doainant (saa K562-1 calls, Pigura €). This 
iaplias that ragulation of racaptor expression datarainaa 
tha ability of a call to racognisa and bind to diffarant 
sitas on fibronactin. Purtharaora, it is also possibla 
that co-oxprassion of tha two racaptors for fibronactin 
could incraasa tha avidity of call binding, for axaapla, 
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Jurkat and RD calls axpraas ralativaly promiecuous adhasion 
to flbronaetln whan compared to YT calls which axpraas only 
a 4 01. 

Tha regulation of call adhasion of fibronactin 
is .potantlally complex even under tha simplest possibls 
conditions , which assume that «5J1 and «401 function 
indapandantly of aach othar and do not ovarlap during 
intaraction with tha two binding sitas on fibronactin. 
variation fros this sinpla stata providos opportunitias for 
exquisitely aanaitiva ragulation of call adhasion. At tha 
laast conplax level, this ragulation can ba roughly 
categorized as i) procassas that control tha synthasis 
and/or axposura of tha binding sitas on tha ligand and (ii) 
ragulation of functional axpraasion of tha racaptors. 
Examples of ragulation at both lavals ara currantly 
availabla and include, tha obsarvation that lymphokines and 
spacif ic antigan induca a5Jl axprasslon on T lymphocytes 
followad by increased call adhasion to fibronactin (Wayner 
at al., 1988, supra). In addition, tha control of mRNA 
splicing in tha ZZICS ragion of fibronactin (Kornblihtt at 
al., 1985, supra) during woundi healing or inflammation nay 
dictata tha spacif icity of racaptor- ligand binding in 
rasting or activated T calls. Variations from tha simpla 
stata ara Intriguing but raquira additional axparimantation 
to avan bagin to idantify tha multituda of potential 
machanlsms. 

In conclusion, these findings show claarly that 
culturad T lymphocytes usa two indapandant racaptors during 
attachment to f irbonactin and that i) e5*l is tha racaptor 
for tha RGD containing call adhasion domain, and ii) «401 
is tha racaptor for a carboxy terminal call adhasion ragion 
containing tha Heparin IX and IIICS domains. Furthermore, 
thasa data show that T lymphocytes express a clear 
preference for a region of molecular heterogeneity in IIICS 
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(CS-1) generated by altarnativa splicing of fibronactin 
pra-aRNA and that .4*1 ia tha racaptor for thia adhaaion 
aita. 

7. EXAMPLE: LYMPHOCYTE ADHES I ON TO ACTIVATED 
5 ENDOTHELIUM IS MEDIATED BY THE ' B * OT ™ 6 ° P 

THE IHTECRIN RECEPTOR akfi 1 TO CS-I IN THE 
TALTERHATIVELY SPLICED IIICS REGION OP 
FIHROMECTIN ; 

Tha following axpariaanta damonatratad tha rola 
of tha .4*1 racaptor and ita ligand, CS-1, in madiating T 

10 call adhaaion to culturad larga vassal andothalial calla 
and andothalial calls which had baan activatad with a 
variaty of cytokinaa aaaociatad with tha inflammatory 
rasponsa, including IL-1, tumor nacroaia factor alpha 
(TNPa) , and tumor nacroaia factor bata (TNP« .In 

« addition, tha ability of monoclonal antibodiaa and paptida 
fragmanta to block adharanca of lymphocytaa to andothalium 
via tha aUfil racaptor waa damonatratad. 

4 

7.1. MATERIALS AND METHODS 
20 7.1.1. REAGENTS 

Raagants uaad wara aa dascribad in Saction 
6.1.1, aupra . 

7.1.2. CELLS AND CELL CULTURE 

2B jurkat (Human T call laukaaia) was obtainad from 

Dr.. Paul Conlon (Xmmunax. Corp., Saattla, MA). Ramos (Human 
B call Laukamia) was obtainad from tha Amarican Typa 
Cultura Collaction (Rockvilla, MD). Tha IAD (laukocyta 
adhaaion daficiant) and ST-1 B call linaa wara praparad by 
Epatan-Barr virua tanaformation of human B lymphocytaa. 
Tha IAD call lina was davalopad from tha B calls of a 
patiant with a daficiancy in tha fi2 intagrin family of 
adhaaion racaptor. and was obtainad from Dr. John Harlan 
(Harborviaw Madical Cantar, Saattla, -A). Human umbilical 
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vein endothelial cells (HOVE») were purchased froa Call 
Systems, Seattle, WA. HUVEa were maintained in dafinad 
(aerua-frea) media also purchased froa Call syeteas (CS-100 
■adia) . 

5 7.1.3. ACTIVATIOH OF HDVES WIT H IHFIAMMATORY CYTOKINES 

HUVEa vara incubatad with IL-1 fi (1 ng/al) or in 
some experimente with THF a (10 ng/al) for 6-24 hours. At 
tha and of this incubation tha HOVE monolayer, were waahad 
and used in tha adhasion assay. 

10 

7.1.4. SYMTHESIS OF CS PEPTIDES 

Paptidas darlvad froa tha CS-1 ragion of plasma 
fibronactin wara synthesized and HPLC" purified according to 
standard protocols by Dr. Jaaes BlaXe at tha Oncogan Corp. . 
Saattla, WA. Tha CS-1 paptida was conjugated to rabbit 
serum albuain or KLH also according to standard protocols 
by Dr. Jaaas Blaka. Tha RODS control paptida was obtainad 
froa Peninsula Laboratories (Belmont, CA) . 

20 7.1.5. MOMOCLOWAL ANTIBODIES 

Tha following antibodies wara developed in this 
laboratory: P1H5, which recognises tha alfil receptor 
(Waynar at al., 1987, J. Call Biol. 105: 1873-11884 > Wayner 
at al. 1988, J. Call Biol. 107:1881-1891) t P1B5, which 

recognites tha olfil receptor ( supra ) i P1D6, which 
recognites tha e3*l prototypa fibronaction receptor 
described by Pytala at al. (Call 40:191-198) > P4C10. which 
racognixas tha fil ■ubunitt and P4H9 which racognisas 02 
(CD18) , using methods described fully in Waynar at al. 
(1987, J. Call Biol. 105:1873-1884) and Waynar at al. 1988, 
J. Call. Biol. 107HM1-1M1) ara incorporated in 

their antiraty by rafaranca harain, and dascribad in Tabla 
II. 
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7.1.6. ENDOTHELIAL CELL AD HESION ASSAY 

Human umbilical vain andothalial calls (HUVEa) 
vara culturad in 48 wall plataa aa daacribad (supra) . To 
■aasura adharanca of lyaphocytaa to HOVE aonolayar 
cultural, lyaphocytaa vara labalad with Ha 2 Cr0 4 (50 
pd/al) for 2-4 hours), washad, and than 10 lyaphocytaa 
wara ineubatad with HOVE monolayars in tha prasanca or 
ahsanea of inhibitory antibodias or CS-1 darivad paptidas. 
Tha lysphocytas wara allowad to adhara for 30 sinutas at 
37*. Non-adharant calls wara subsaquantly ranovad by 
washing with PBS, and tha adharant calls wara dissolvad in 
SDS/NaOH. Bound 51 Cr-cpa wara quantitatad in a gaaaa 
countar. In soma axpariaants, andothalial calls wara 
activatad prior to tha adhasion assay by incubating with 
IL-1 0 (i ng/al) or THF-0 (10 ng/al) for 6-24 hours in 
dafinad CS-100 madia (Call Systaas, Saattla, WA) . 



7.2. RESULTS 

7.2.1. SURFACE PHEMOTYFE OF LYM PHOCYTES FROM 
MORMAL AMD LAD PATIENTS 

20 in ordar to astablish what aachanisa lysphocytas 

usa during axtravasation wa first datarainad tha surf aca 
phanotypa of normal and LAD lyaphocytas with raspact to tha 
intagrin racaptors. Thasa data ara in Tabla VII and ahow 
claarly that tha lad calls possass a noraal call aurfaca 

25 phanotypa with raspact to tha pi containing intagrina. 
Sinca, as axpactad, tha B calls darivad froa tha patiant 
with LAD vara nagativa for $2, this strongly suggasts that 
LAD lyaphocytas usa tha fil containing intagrina during 
thair adhasion to and passaga through tha andothaliua. 

JO 



WO 91/13252 PCT/US90/O497* 

-59- 

Tabl* VII 

Ncursscanc* Analysis of Zntsgrin Rscsptor 
Expression by Norsal and IAD lysphoytss 

riourssesncs Intsnslty* 



« Rscsptor Antibody Jurlcat ITY Raaos (B ) ST-1 LAD 



fi 2 P4H9 
fi 1 P4C10 



"2 
10 B 3 

B 4 

*5 



P1H5 
P1BS 
P4G9 

P1D6 «• ♦/- ♦/- V- 



15 



Floursssnc* intssity was dstsrsinsd on a thrss dacada log 
seals and is axprssssd in arbitrary units with sach plus 
indicating SO units from 0-255 (channsl nuabars). A 
plus/ainus indicates a dsfinats and rsproducibls shift 
abovs background (<50 units) . 
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Table VIII 

Adhesion of I and B Lymphocytes 
Resting and Activated HUVE Monolayers 



■Cell Lin* 



Adhesion (cpe) 



Basal 



XL-10 



LAO (B) 
8T-1 (B) 
(B) 



10 Jurkat (T) 

YT (?) 



29360 

11372 

1088 

74196 

43396 



94580 

143860 

11168 

352028 

189384 



cpa » counts per ainute. The data are frea a single 
representative experiment. 
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1.2.2. ABILITY OP LYMPHOCYTES TO ADHERE TO RESTING 
TO RESTING AND ACTIVATED ENDOTHELIAL CELLS 

Chroaiua-labalad lymphocytes from various call 
lines war* tested for thsir ability to adhsrs to either 
resting or activated endothelial calls (Tabla VII). 
6 Although all the call Unas tested vara found to adhere to 
soae extent to resting endothelium, adhesion of T and B 
lymphocytes to endothelium activated by either IL-1 or TNP 
was observed to be such greater, by a factor of as much as 
ten-fold. Adhesion of lymphocytes from LAD patients to 
10 endothelium was not found to be significantly different 
from that observed for ST-1 cell lines derived from normal 
B cells (ST-1) . There was no difference observed among 
cell lines between adhesion to IL-1 versus TNP activated 
endothelium. 

IS 

7.2.3. EPPECTS OP ANTI -RECEPTOR ANTIBODIES 

ON LYMPHOCYTE ADHERENCE TO ENDOTHELIUM 

When the ability of chromium-labeled lymphocytes 
to adhere to endothelium was tested in the presence of 
20 hybridoma supernatants , only monoclonal antibodies directed 
toward tt 4 0, or fil were found to inhibit adhesion; 
monoclonal antibodies directed toward other receptors such 
as the prototype f ibronectin receptor and the a301 receptor 
were found to have virtually no inhibitory effect (Table 
8) . In the presence of monoclonal antibodies P4C2 
(directed toward o^) and P4C10 (directed toward fil) , 
adhesion of labeled lymphocytes to endothelium was 
completely abrogated. Interestingly, adhesion of LAD cell 
adhesion was also inhibited by anti-*^ antibody [P4C2], 
indicating that the CD18 receptor is not involved in the 
observed adherence properties. In addition, although *2fil, 
aifll (Table VIII) and $2 (not shown) are expressed by 
lymphocytes, antibodies to these receptors did not inhibit 
lymphocyte adhesion to either basal or activated HUVEs (se< 
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Tabla IX) . Thaaa data ahov that aurf aca axpraaaion of an 
intagrin racaptor and binding of an inhibitory antibody to 
it don not nacaaaarily laad to inhibition of lyaphocyta 
binding to andothaliua. Ihia iapliaa a apacific rola for o4*i 
in mediating lyaphocyta adhaaion to tha andothaliua aa tha 
first atap in axtravaaation. Purtharaora, ainca tha 
antibodlas against a4*l inhibitad lvsphocyta adhaaion to 
andothalial calls this suggastad that tha llgand for «4*lf 
tha amino acid aaquanca EXLDVPST (aaa Tabla XII) might alao 
ba involvad in lyaphocyta diapadasia via binding of *Afil to 
this aaquanca praaant in a ligand axprasaad on tha surf aca 
of tha andothaliua. 
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Table XX 

of Inhibitory Monoclonal Antibodies on Lymphocyte 
Adhesion to ROVB Monolayers (XL-1* Activated) 



5 Cell Lino 



Antibody 



Specificity 



Adhesion (cpn) 
Basal +IL-1* 



LAD (B) 



10 



8P2 

P1D6 

P1B5 

P4C2 

P4C10 



B s'l 
Vl 
Vl 



19S42 
15688 
19064 
645B 

€360 



104672 
113696 
90913 
38132 



Ramos (B) 



IB 



Jurkat (T) 



20 



8P2 

P1D6 

P1BS 

P4C2 

P4C10 

8P2 

P106 

P1BS 

P4C2 

P4C10 



Vi 

- 2*1 
tt 4*l 
>1 



Vl 
Vl 
Vl 
>1 



972 
808 
124 
456 
604 

83924 
839S6 
66S80 
23108 
36892 



12157 
11196 
10028 
3688 
3152 

372159 
417588 
489952 
136632 
230416 
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7.2.4. THE ROLE OF CS-1 AS LIGAHO TO *J, IN 
LYMPHOCYTE ADHESION TO EHD OTHgLlPH 

Tha ability of synthatic CS-1 and darivativa 
paptidaa to inhibit adharanca of chromium-labalad 
lysphocytas to activatad andothalial calls waa avaluatad 
8 using various paptidas. Tha syhthatle CS-1 paptida was a 
strong inhibitor of T or B lyaphocyta adhasion to basal or 
activatad andothalial call aonolayara (Tablas X and XI) . 
Intaratingly, tha EILDVPST saquanca was tha minimal paptida 
also raguirad to inhibit lyaphocyta adhasion to rasting or 

10 activatad HUVBs (Tablas X and XI) . In soaa casas, such aa 
with tha Ramos B call Una, adhasion or thaaa calls to 
HOVEs could ba complataly abrogatad with tha EILDVPST 
paptida. In control aiepariaents (Tabla XI), tha RCDS 
saquanca which is tha ligand for tha prototypa fibronactin 

1« racaptor, a.*., did not inhibit lyaphocyta adhasion to 
rasting or activatad HUVEs. 
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Tabla X 

Ef fact of Ca-1 and Ca-1 Darivad paptidas on 
Lyapheeyta Adhaaion to HUVE'a 



8 




.• : - : ■ . » ■ 


AdhMion 


(cpa) 








B&sal 


+XL-10 


IAD (B) 




UI1* vAVMIi 


20856 


74096 








17500 


26172 


10 


350 




WD* 


42728 




352 


EILDVPST 


ND 


29484 




354 


GPEILOVPST 


ND 


27219 






vim vas *»^*» 


4856 


11132 


15 




CS-1 


1660 


2828 




A M Jk 

390 


VPST 


nu 


ASM 




352 


EILDVPST 


ND 


2584 




354 


GPEILOVPST 


ND 


2265 


ttJurkat (T) 


293(A) 


Unrelated 


58084 


129864 




344 


CS-1 


29588 


75772 




350 


VP8T 


ND 


127544 




352 


EILDVPST 


ND 


93056 




354 


GPEILOVPST 


ND 


89721 



*ND-ndt datarvinad 
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Tablo XZ 
CS-1 and CS-1 Dorivod poptidos 
Lyaphocyto Adhesion to BOVES 
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5 Coll ' Lino 



Jurkat (T) 



Poptido * 



Soquonco 



10 



344 

3S0 
351 
352 



CS-1 
VP8T 
LDVPST 



Adhoslon (epu) 
Basal +IL-1B 



161092 
296688 

82404 
203716 
166948 

84456 



314848 

357616 
248976 
322208 
3262C0 
234796 



IAD (B) 



16 



20 



Raaoa (B) 



344 

350 
351 
352 



344 

350 
351 
352 



CS-1 
VPST 
LDVFST 
EZLDVP8T 



CS-1 
VPST 
LDVPST 
ZZLDVPST 



44860 

70652 
22976 
38176 
39700 
29964 

2724 

16920 

1844 

4168 

3532 

1696 



71408 

102076 

51560 

98860 

92792 

58784 

12936 

28104 

5160 

15320 

15092 

4964 
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Tabl* XZZ 

ZNRZBITZOH OP LYMPHOCYTE ADHESION TO PXBRONECTZN 
WITH PEPTIDES DERIVED PROM CS-1-B12 



5 PEPTIDE SEQUENCE INHIBITION 



CS-1 

A13 DELPQLVTLPRPN 

BX3 LHGPEILDVPST 

350 VPST 

351 LDVPST 

352 EILDVPST 
354 CPEILDVPST 



18 
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7.3. DISCUSSION 

Experimental observations (••• Section 6, supra ) 
strongly suggested that ths high affinity binding sits for 
T lymphocytes in plasma fibronsctin was locatsd in ths CS-1 
5 rsgion of ths IIICS domain.. Ths CS-1 region is comprised 
of 25 amino acids (Figure 9) . Therefore, it was important 
to determine the minimal peptide sequence responsible for 
the binding of the lymphocyte * 4 fi x receptor to fibronectin. 
The initial step we took was to divide the CS-1 peptide 
into two smaller peptides, A13 and B12 (Figure 9) and to 
examine whether either of these peptides could compete with 
fibronectin for binding to the receptor and therefore 
inhibit lymphocyte adhesion to fibronectin. The data 
clearly indicate that the inhibitory activity residss in 
the B12 peptide derived from the carboxy terminal portion 
of CS-1. The next stsp ws took was to invsstigate ths 
ability of increasingly longer peptides dsrived from the 
carboxy terminal portion of B12 to inhibit lymphocyte 
adhesion to fibronectin and CS-1 (RSA conjugate) coated- 
sur faces. These data show that with regard to adhesion of 
lymphocytes to plasma fibronectin and CS-1 the minimal 
amino acid sequence required for binding of is 
EXLDVFST. 

Polymorphonueleated leukocytes (neutrophils) 
from patients with leukocyte adhesion deficiency (IAD) have 
a defect in expression of the $2 integrin subunit and 
therefore cannot use the 02 containing receptors (LFA-1, 
Mac-1 or p 130/95) in their adhesion to the vascular 
endothelium. Neutrophils from those patients therefore, do 
not leave the blood stream to pass into peripheral tissues. 
LAD lymphocytes, however, do undergo diapedesis to pass 
through the endothelium and can be found in tissues derived 
from patients with this disorder. This, therefore, implies 
that lymphocytes use a mechanism distinct from the 02 
containing integrins during their passage from the blood 
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strui into tha paripharal tisauas. Tha following aariaa 
of axpariaants eoiprlfM our attaapts to fully undaratand 
tha aachanlsas utilisad by paripharal blood lyaphocytaa 

during diapadaais. 

Tha axpariaants daacribad supra hava claarly 
8 shown tha important rola playad by tha racaptor in tha 
adhosion of lyaphocytaa to vascular andothalial calls. 

All lyaphocyta call Unas tastad vara shown to 
axprass and/or o 5 ^ by fluorascanca analysis, and vara 
obsorvad to adhara to culturad human umbilical -vain 
andothalial calls. This adhasion was found to bo blockad 
only by monoclonal antibodias diractad toward a^i 
antibodias diractad toward othar raeaptors vara not found 
to hava assantlally any inhibitory affact, ravaaling tha 
iaportanca of tha o 4 J. racaptor in tha adhasiva intaraction 
batvaan lysphocytas and andotholiua. 

In addition, synthotic CS-1 and darivativa 
paptidas (Tablaa 9, 10, and 11) wars found to inhibit . 
adhasion of lyaphocytaa to andothaliua. Tha aaino acid 
aaquanca EZLDVPST was found to ba particularly important t< 
tha intaraction. It must ba aaphasisad that it has not 
baan dataralnad vhathar tha lyaphocyta a^ racaptor is, in 
fact, intaracting with fibronactin on tha andothalial call 
surfaca. Zt is also poseibla that a 4 ^ is racoon ixing tha 
paptida EILDVPST or a siailar aaquanca, in tha contaxt of 
anothar, non-fibronactin pro tain. 
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8. DEPOSIT 09 CELL LIMBS 

Tho following coll linoo havo boon dopooltod 
with tho ATCC, Rockvillo, MD, and havo boon aooignod tho 
following accoooion numboro: 

Coll Lino Accoooion Muobor 

p4C2 HB-10215 

P469 HB-10213 

P3B3 HB-10212 

P4C10 HB-102U 
Tho prooont invontion io not to bo li»itod in ocopo 
by tho gonoo and protoino oxooplifiod or dopooitod 
•icroorganio.. which aro intondod as but oinglo illuotrationo 
of ono aopoet. of tho invontion. Indood, various 
■edification, of tho invontion in addition to thooo shown and 
doocribod horoin will bocomo apparont to thooo okillod in tho 
art from tho forogoing doocription and accompanying figuroo. 
such modification, aro intondod to fall within tho ocopo of 
tho appondod claiao. 
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rlcen Type Culture Collection 



12301 Parklavn Drive 
Rockville, MD 20852 

OS 



Date of deposit 
Date of deposit 
Date of deposit 



September 1, 1989 Accession Number HB-10213 
September l t 1989 Accession Number HB-10214 
September 1, 1989 Accession Number HB-10215 
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WHAT IS CLAIMED ISt 

1. A mathod for inhibiting tha adharanca of 
lymphocytaa to andothalial colls comprising axpoaing tha 
lymphocytaa to an offoctivo amount of an antibody, or a 
fragmant or darivativo tharaof, that binds to o4Jl. 

6 

2. Tha mathod of claim 1 in which tha antibody 
is a monoclonal antibody. 



10 
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3. Tha mathod of claim 2 in which tha antibody 
is.P4C2, dapoaitad with tha AICC and having tha accaaaion 
numbar. HB- 10215. 

* 

4 . Tha mathod of claim 1 in which tha antibody 
binda to fil. 

5. Tha mathod of claim 4 in which tha antibody 
ia P4C10, dapoaitad with tha ATCC and having tha accaaaion 
numbar HB-10214. 

6. A mathod for inhabiting tha adharanca of 
lymphocytaa to andothalial calls comprising axpcsing tha 
lymphocyta. to an af factiva amount of paptid. that bind, to 

t 

» 7. Tha mathod of claim 6 in which tha paptida 

is conjugatad to an antibody targatad toward andothalial 

calls. 

8. Tha mathod according to claim 6 in which tha 
30 paptida compri... «t Mt • portion of tha XXXCS r^ion of 
fibronactin, or a darivativa tharaof. 
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9. Tha Mthod according to dais 6 in which tha 
paptida coapriaas at laaat a portion of tha CS1 ragion of 
fibronoctin, or a darivativa tharaof . 

10. Tha aathod according to claia 6 in which 
8 tha paptida coaprisas at laaat a portion of tha aaquanca 

EILDVPST, a darivativa tharaof, or a substantially 
homologous saquanca. 



10 
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11. An antibody, antibody fragrant or 
darivativa tharaof which aay ba usad to inhibit tha 
adharanea of lyapbocytas to andothalial calls. 

12. An antibody, fragaant, or darivativa 
according to claia 11 which binds to tha atfil racaptor. 

13. Tha antibody of claim 12 which is a 
aonoclonal antibody. 

14. Tha antibody of claia 13 which is P4C2, 
20 producad by tha hybridoaa dapositad with tha ATCC and 

having tha aecassion nuabar HB-«1021S. 

15. Tha antibody of claia 13 which is P4C10, 
producad by tha hybridoaa dapositad with tha ATCC and 

28 having tha aecassion nuabar HB-102U . 

16. An antibody, fragaant or darivativa tharaof 
which racognizas an apitopa daf inad by aonoclonal antibody 

P4C2. 

17. Tha antibody, fragaant or darivativa of 
claia 16, which coapatitivaly inhibits tha binding of 
aonoclonal antibody P4C2. 
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18. An antibody, fragaant or darivativa which 
racognizaa an apitopa dafinad by aonoclonal antibody P4C10. 

19. Tha antibody, fragaant or darivativa of 
claia 16, which coapatitivaly inhibita tha binding of 
monoclonal antibody P4C10. 

20. A pharaacautical coapoaition eoapriaing an 
affactiva concentration of antibody, antibody fragment, or 
darivativa tharaof , which inhibita tha adharanca of an 

10 axtracallular matrix racaptor on lyaphocytae to andothalia] 
calla in a pharmacologically auitabla carriar. 

21. Tha pharaacautical coapoaition of claia 20 
in which tha antibody, fragaant, or darivativa bind, to 
s4£l racaptor. 

22. Tha pharaacautical coapoaition of claia 21 
in which tha antibody ia a aonoclonal antibody. 

20 23. Tha pharaacautical coapoaition of claia 22 

in which tha antibody ia P4C2, producad by tha hybridoaa 
dapoaitad with tha ATCC and having tha accaaaion nuaban 

HB-10215. 

28 24. Tha pharaacautical coapoaition of claia 22 

in which tha antibody la P4C10, producad by tha hybridoaa 
dapoaitad with tha ATCC and having tha accaaaion nuabar. 

HB-10214. 

30 25. A pharaacautical coapoaition eoapriaing an 

affactiva concantration of a paptida which inhibita tha 
adharanca of lyaphocytaa to andothalial calla in a 
pharmacologically auitabla carriar. 
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26. Tha pharmaceutical compoaition of claim 25 
in which tha paptida binda to «4J1. 

27. Tha pharmacautical compoait ion o£ claim 26 
in which tha paptida compriaaa at laaat a portion of tha 

5 IIICS ragion of fibronactin, or a darivativa tharaof. 

28. Tha pharmacautical composition of claim 26 
in which tha paptida compriaaa at laaat a portion of tha 
CS-1 ragion of fibronactin, or a darivativa tharaof. 



29. Tha pharmacautical compoaition of claim 25 
in which tha paptida compriaaa at laaat a portion of tha 
aaquanca EXLDVPST, a darivativa tharaof. or a substantially 
homologous aaquanca. 

30. A mathod of pravanting lymphocyta migration 
into tiaauaa comprising administaring an affactiva amount 
of an antibody, or a fragmant or darivativa tharaof, which 
pravants tha adhaaion of lymphocytas to andothalial calls 
via an axtracallular matrix racaptor to a subjsct in naad 
of such traatmant. 

31. Tha mathod of claim 30 in which tha 
antibody, fragmant, or darivativa binds to o4*l. 

32. Tha mathod of claim 31 in which tha 
antibody is a monoclonal, antibody. 

33. Tha mathod of claim 32 in which tha antibody 
30 is P4C2, dapositad with tha ATCC and having tha accassion 

numbar HB-10213. 



woti/taa pcr/us*,/*™ 

-77- 

34. Tha mathod of claim 32 in which tha antibody 
is P4C10, dapoaitad with tha ATCC and having tha accaaeion 
numbar hb-10214. 

35. A mathod of pravanting lymphocyta migration 
5 into tia.ua. comprising adminiataring an af factiva Mount 

of a paptida in a pharmacologically suitabla carriar, which 
pravanta lymphocyta adhaaion to andothalial calla to a 
sub j act in naad of auch traatmant. 



10 



IS 



20 



25 



36. Tha mathod according to claim 35 in which 
tha paptida binds to o4Jl. 

37. Tha mathod according to claim 36 in which 
eha paptida compriaaa at laaat a portion of tha XXXCS 
ragion of fibronactin, or a darivatiava tharaof . 

38 . Tha mathod according: to claim 36 in which 
tha paptida compriaaa at laaat a portion of tha CS1 ragion 
of fibronactin, or a darivatiava tharaof. 

3». Tha mathod according to claim 36 in which 
tha paptida compriaas at laaat a portion of tha saquanca 
EXLDVPST, a darivativa tharaof, or a aubatantially 
homologoua saquanca. 
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Attachment to Telephone Memo. 
Reasons for Holding Lack of Unity: 

I. ClaimB 1-5. 11-24. and 30-3-1. drawn to antibodies, 
methods of using, ~ a pharmaceutical composition, and 
methods of treatment using the antibodies, classified 
in Class 424. subclass 85.1*. 

TT. Claires 6-10. 25-29, and 35-39, drawn to peptides, 
methods of using, and a pharmaceutical composition, 
classified in class 514, subclass 8. 12. and 16. 

The inventions are distinct, each from the other because of 
the following reasons. The peptides and antibodies described are 
wholly different entitles in regards to structure and function. 
Therefore, their methods of use and compositions containing them 
are also separate and distinct. 

Because these inventions are distinct for the reasons given 
above and acquired a separate status in the art as show/i by their 
different classification and divergent subject matter, and 
because Mie searches for the individual Groups are not 
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